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INFORMATION PROCESSING APPARATUS AND COMMUNICATION APPARATUS 



(57) The present invention relates to an information 
processing apparatus and a communication apparatus 
for accurately recognizing at the base station the current 
receiving quality of the mobile terminals for improving 
the throughput of the base station. A mobile terminal 61 
determines its own receiving quality based on the signal 
received from the base station 62 for generating the re- 
ceiving quality message indicating the receiving quality 
and generates the power control information requesting 



the transmission power of the base station 62. The re- 
ceiving quality message is transmitted at a frame rate 
and power control information is transmitted at the slot 
rate to the base station 62. Based on both the receiving 
quality message and power control information, the 
base station 62 estimates the current receiving quality 
of the mobile terminal 61 and adaptive modulation and 
coding is performed based on the estimated value. The 
present invention may be applied to cellular phones and 
base stations. 
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Description 

Technical Field 

5 [0001] The present Invention relates to an information processing apparatus and a communication apparatus and 
more specifically to an information processing apparatus and a communication apparatus capable of efficient commu- 
nication by accurately recognizing the current receiving quality at a base station in, e.g., a cellular phone system. 

Background Art 

10 

[0002] In recent years, attention is paid to an adaptive modulation and communication system (sometimes referred 
to as AMCS communication system hereunder). The adaptive modulation and coding communication system features 
in varying the coding rate indicating the ratio of the actual data (user data) and error correction codes for the actual 
data and the multi-level modulation factor in response to the quality of the transmission line. In high quality transmission 

15 lines, high speed data transmission is possible in sacrifice of noise resistance characteristic. On the other hand, in 
lower quality transmission lines, noise resistance characteristic is improved in sacrifice of data rate. 
[0003] The AMCS communication system is applied to, for example, an EGPRS (Enhanced General Packet Radio 
Service) used in a GSM (Global System for Mobile Communications) and a wireless communication system such as 
an HDR (High Data Rate) developed by Qualcomm Corporation. Furthermore, the AMCS communication system is 

20 planned to be utilized in the W-CDMA (Wide Band Code Division Multiple Access) system which is forecasted to gain 
popularity in future. 

[0004] Incidentally, the AMCS communication system may be applied to communication between, e.g., mobile ter- 
minals as movable stations and a base station as afixed station. In the AMCS communication system, mobileterminals 
send to the base station a receiving quality message indicating their receiving quality and the base station determines 
25 the modulation coding mode based on the receiving quality message transmitted from the mobile terminal 1 . 

[0005] However, there is considerable delay between a mobile terminal determining its receiving quality and the base 
station recognizing it because the base station must receive the receiving quality message and demodulates and 
decodes such message. 

[0006] Accordingly, at the time when the base station recognized the receiving quality indicated by the receiving 
30 quality message, the current receiving quality of the mobile terminal might have changed. This means that the optimum 
modulation coding mode cannot be chosen, thereby degrading the transmission efficiency. 

[0007] Such problem is more significant especially when the mobile terminal user is moving in a high speed train or 
the like, thereby encountering very rapid change in characteristics of the transmission path. 

[0008] On the other hand, from the viewpoint of improvement of the transmission efficiency, it is preferable to increase 
35 the period of transmission of the receiving quality message of the mobile terminal. However, in this case, the current 
receiving quality of the mobile terminal may largely depart from the receiving quality indicated by the receiving quality 
message, thereby adversely affecting the improvement of the transmission efficiency by the adaptive modulation cod- 
ing. 

40 Disclosure of the invention 

[0009] The present invention has been made in view of the above problems and enables to improve transmission 
efficiency (or preventing degradation of the transmission efficiency) by accurately recognizing the current receiving 
quality of the mobile terminal in, e.g., base station. 

45 [0010] A first information processing apparatus according to the present invention is characterized by the provision 
of the receiving quality estimation means for estimating the current receiving quality in a communication apparatus 
based on both the receiving quality message to be transmitted from the communication apparatus at a first interval 
and a power control information to be transmitted at a second interval shorter than the first interval. 
[0011] A first information processing method according to the present invention is characterized in a provision of a 

so receiving quality estimation step for estimating the current receiving quality of a communication apparatus based on 
both the receiving quality message to be transmitted from the communication apparatus at a first interval and a power 
control information to be transmitted at a second interval shorter than the first interval. 

[0012] A first program according to the present invention is characterized by the provision of a receiving quality 
estimation step for estimating the current receiving quality of a communication apparatus based on both a receiving 
55 quality message to be transmitted from the communication apparatus at a first interval and a power control information 
to be transmitted at a second interval shorter than the first interval. 

[0013] A first recording medium according to the present invention is characterized by recording a program including 
a receiving quality estimation step for estimating the current receiving quality of a communication apparatus based on 
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both the receiving quality message to be transmitted from the communication apparatus at a first interval and a power 
control information to be transmitted at a second interval shorter than the first interval. 

[0014] A first communication apparatus according to the present invention comprises receiving quality message 
generation means for generating a receiving quality message indicating the receiving quality by obtaining the receiving 

5 quality based on the signal received by the communication apparatus from an information processing apparatus, power 
control information generation means for generating the power control information to request transmission power ad- 
justment of the information processing apparatus based on the signal received therefrom, receiving quality message 
insertion means for inserting into the transmission signal to the information processing apparatus in such a manner 
that the receiving quality message is transmitted at a first interval and power control information insertion means for 

10 inserting the power control information into the transmission signal in such a manner that the power control information 
is transmitted at a second interval shorter than the first interval. 

[001 5] A first communication method according to the present invention comprises a receiving quality message gen- 
eration step for generating a receiving quality message indicating the receiving quality by obtaining a receiving quality 
thereof based on the signal received from an information processing apparatus, a power control information generation 

15 step for generating a power control information to request transmission power adjustment of the information processing 
apparatus based on the signal received therefrom, a receiving quality message insertion step for inserting the receiving 
quality message into the transmission signal to the information processing apparatus in such a mannerthat the receiving 
quality message is transmitted at a first interval and a power control information insertion step for inserting a power 
control information into the transmission signal in such a manner that the power control information is transmitted at 

20 a second interval shorter than the first interval. 

[0016] A second program according to the present invention comprises a receiving quality message generation step 
for generating a receiving quality message- indicating the receiving quality by obtaining a receiving quality thereof 
based on the signal received from an information processing apparatus, a power control information generation step 
for generating a power control information to request transmission power adjustment of the information processing 

25 apparatus, a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal to the information processing apparatus in such a manner that the receiving quality message is transmitted at 
a first interval and a power control information insertion step for inserting the power control information into the trans- 
mission signal in such a mannerthat the power control information is transmitted at a second interval shorter than the 
first interval. 

30 [0017] A second recording medium according to the present invention is characterized by recording a program com- 
prising a receiving quality message generation step for generating a receiving quality message indicating the receiving 
quality by obtaining a receiving quality thereof based on the signal received from an information processing apparatus, 
a power control information generation step for generating a power control information to request transmission power 
adjustment of the information processing apparatus based on the signal received form the information processing 

35 apparatus, a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal to the information processing apparatus in such a manner that the receiving quality message is transmitted at 
a first interval and a power control information insertion step for inserting the power control information into the trans- 
mission signal in such a manner that the power control information is transmitted at a second interval shorter than the 
first interval. 

40 [0018] A first communication system according to the present invention is characterized by receiving quality message 
generation means for generating a receiving quality message indicating the receiving quality by obtaining a receiving 
quality thereof based on the signal received by a communication apparatus from an information processing apparatus, 
power control information generation means for generating a power control information to instruct transmission power 
adjustment of the information processing apparatus based on the signal received therefrom, receiving quality message 

45 insertion means for inserting the receiving quality message into the transmission signal to the information processing 
apparatus in such a manner tthat the receiving quality message is transmitted at a first interval and power control 
information insertion means for inserting the power control signal into the transmission signal in such a manner that 
the power control signal is transmitted at a second interval shorter than the first interval, wherein the information 
processing apparatus comprises receiving quality estimation means for estimating the current receiving quality of the 

50 communication apparatus based on both the receiving quality message and the power control information. 

[0019] A second communication method according to the present invention characterized by the communication 
method in a communication apparatus comprises a receiving quality message generation means for generating a 
receiving quality indicating the receiving quality by obtaining a receiving quality thereof based on the signal received 
therefrom, a power control information generation step for generating a power control information to request transmis- 

55 sion power adjustment of the information processing apparatus based on the signal received from the information 
processing apparatus, a receiving quality message insertion step for inserting the receiving quality message into the 
transmission signal to the information processing apparatus in such a mannerthat the receiving quality message is 
transmitted at a first interval and a power control information insertion step for inserting the power control information 
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into the transmission signal in such a manner that the power control information is transmitted at a second interval 
shorter than the first interval, and the communication method in the information processing apparatus comprises a 
receiving quality estimation step for estimating the current receiving quality of the communication apparatus based on 
both the receiving quality message and the power control information. 

s [0020] A second information processing apparatus according to the processing apparatus comprises mode request 
message acquisition means for acquiring a mode request message transmitted from a communication apparatus at a 
first interval, power control information acquisition means for acquiring a power control information to request trans- 
mission power adjustment transmitted from the communication apparatus at a second interval shorter than the first 
interval and transmission mode setting means for setting a transmission mode of the communication apparatus based 

10 on both the mode request message and the power control information. 

[0021] A second information processing method according to the present invention is characterized by a mode re- 
quest message acquisition step for acquiring a mode request message transmitted from a communication apparatus 
at a first interval, a power control information acquisition step for acquiring a power control information to request 
transmission power adjustment transmitted from the communication apparatus at a second interval shorter than the 

15 first interval and a transmission mode setting step for setting the transmission mode of the communication apparatus 
based on both the mode request message and the power control information. 

[0022] A third program according to the present invention is characterized by a mode request message acquisition 
step for acquiring a mode request message transmitted from a communication apparatus at a first interval, a power 
control information acquisition step for acquiring a power control information to request transmission power adjustment 
20 transmitted form the communication apparatus at a second interval shorter than the first interval and a transmission 
mode setting step for setting a transmission mode of the communication apparatus based on both the mode request 
message and the power control information. 

[0023] A third recording medium according to the present invention is characterized by recording a program com- 
prising a mode request message acquisition step for acquiring a mode request message transmitted from a commu- 

25 nication apparatus at a first interval, a power control information acquisition step for acquiring a power control infor- 
mation requesting transmission power adjustment transmitted from the communication apparatus at a second interval 
shorter than the first interval and a transmission mode setting step for setting the transmission mode of the communi- 
cation apparatus based on both the mode request message and the power control information, 
[0024] A second communication apparatus according to the present invention is characterized by a mode request 

30 message generation means for generating a mode request message indicating the requesting transmission mode 
based on a receiving quality thereof obtained based on the signal received from an information processing apparatus, 
power control information generation means for generating a power control information to request transmission power 
adjustment of the information processing apparatus based on the signal received therefrom, mode request message 
insertion means for inserting a mode request message into the transmission signal to the information processing ap- 

35 paratus in such a manner that the mode request message is transmitted at a first interval and power control information 
insertion means for inserting a power control information into the transmission signal in such a manner that the power 
control information is transmitted at a second interval shorter than the first interval. 

[0025] A second communication apparatus according to the present invention is characterized by a mode request 
message generation means for generating a mode request message indicating a requesting transmission mode based 

40 on a receiving quality obtained based on the signal received from an information processing apparatus, power control 
information generation means for generating a power control information to request transmission power adjustment of 
the information processing apparatus based on the signal received form the information processing apparatus, mode 
request message insertion means for inserting the mode request message into the transmission signal to the informa- 
tion processing apparatus in such a manner that the mode request message is transmitted at a first interval and power 

45 control information insertion means for inserting the power control information into the transmission signal in such a 
manner that the power control information is transmitted at a second interval shorter than the first interval. 
[0026] A third communication method according to the present invention is characterized by a mode request message 
generation step for generating a mode request message indicating a requesting transmission mode based on an ob- 
tained receiving quality based on the signal received from the information processing apparatus, a power control in- 

50 formation generation step for generating a power control information to request transmission power adjustment of the 
information processing apparatus based on the signal received from the information processing apparatus, a mode 
request message insertion step for inserting the mode request message into the transmission signal to the information 
processing apparatus in such a manner that the mode request message is transmitted at a first interval and a power 
control information insertion step for inserting the power control information into the transmission signal in such a 

55 manner that the power control information is transmitted at a second interval shorter than the first interval. 

[0027] A fourth program according to the present invention comprises a mode request message generation step for 
generating a mode request message indicating a requesting transmission mode based on an obtained receiving quality 
based on the signal received from the information processing apparatus, a power control information generation means 
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for generating a power control information requesting transmission power adjustment of the information processing 
apparatus based on the signal received therefrom, a mode request message insertion step for inserting the mode 
request message into the transmission signal to the information processing apparatus in such a manner that the mode 
request message is transmitted at a first interval and a power control information insertion step for inserting the power 
5 control information into the transmission signal in such a manner that the power control information is transmitted at 
a second interval shorter than the first interval. 

[0028] A fourth recording medium according to the present invention is 

characterized by recording a program comprising a mode request message generation step for generating a mode 
request message indicating the requesting transmission mode based on an obtained receiving quality based on the 

w signal received from an information processing apparatus, a power control information generation step for generating 
a power control information to request transmission power adjustment of the information processing apparatus based 
on the signal received from the information processing apparatus, a mode request message insertion step for inserting 
the mode request message into the transmission signal to information processing apparatus in such a manner that the 
mode request message is transmitted at a first interval and a power control information insertion step for inserting the 

15 power control information into the transmission signal in such a manner that the power control information is transmitted 
at a second interval shorter than the first interval. 

[0029] A second communication system according to the present invention is characterized by a communication 
apparatus and an information processing apparatus; the communication apparatus comprising: mode request message 
generation means for generating a mode request message indicating the requesting transmission mode based on an 

20 obtained receiving quality based on the signal received from the information processing apparatus; power control 
information generation means for generating a power control information to request transmission power adjustment of 
the information processing apparatus based on the signal received therefrom; mode request message insertion means 
for inserting the mode request message into the transmission signal to the information processing apparatus in such 
a manner that the mode request message is transmitted at a first interval; and power control information inserting 

25 means for inserting the power control information into the transmission signal in such a manner that the power control 
information is transmitted at a second interval shorter than the first interval; and the information processing apparatus 
comprising: mode request message acquisition means for acquiring the mode request message transmitted from the 
communication apparatus at the first interval; power control information acquisition means for acquiring the power 
control information transmitted from the communication apparatus at the second interval; and transmission mode set- 

30 ting means for setting the transmission mode of the communication apparatus based on both the mode request mes- 
sage and the power control information. 

[0030] A fourth communication method according to the present invention is characterized by the communication 
method in a communication apparatus comprising: a mode request message generation step for generating a mode 
request message indicating the requesting transmission mode based on an obtained receiving quality of the signal 

35 received from an information processing apparatus; a mode request message insertion step for inserting the mode 
request message into the transmission signal to the information processing apparatus in such a manner that the mode 
request message is transmitted at a first interval; and a power control information insertion step for inserting a power 
control information into the transmission signal in such a manner that the power control information is transmitted at 
a second interval shorter than the first interval; and the communication method of the information processing apparatus 

40 comprising: a mode request message acquisition step for acquiring the mode request message transmitted from the 
communication apparatus at the first interval; a power control information acquisition step for acquiring the power 
control information transmitted form the communication apparatus at the second interval; and a transmission mode 
setting step for setting the transmission mode of the communication apparatus based on both the mode request mes- 
sage and the power control information. 

45 [0031] A third information processing apparatus is characterized by a receiving quality message acquisition means 
for acquiring the receiving quality message indicating a requested receiving quality in the communication apparatus 
transmitted from a communication apparatus at every predetermined number of frames and receiving quality estimation 
means for estimating the current receiving quality of the communication apparatus based on the received quality mes- 
sage. 

so [0032] A third communication apparatus according to the present invention is characterized by a receiving quality 
message generation means for generating a receiving quality message indicating the receiving quality by obtaining a 
receiving quality thereof at every predetermined number of frames based on the signal received from an information 
processing apparatus and receiving quality message insertion means for inserting the receiving quality message into 
the transmission signal to the information processing apparatus at every predetermined number of frames. 

55 [0033] A fourth information processing apparatus according to the present invention is characterized by a receiving 
quality message acquisition means for acquiring a receiving quality message indicating the requested receiving quality 
in a communication apparatus transmitted at every predetermined number of frames and receiving quality estimation 
means for estimating the current receiving quality of the communication apparatus based only on the receiving quality 
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message when the communication apparatus is under the soft hand-off condition. 

[0034] A fourth communication apparatus according to the present invention is characterized by a receiving quality 
message generation means for generating a receiving quality message indicating the receiving quality by obtaining a 
receiving quality thereof at every predetermined frame and receiving quality message insertion means for inserting the 
5 receiving quality message into the transmission signal to an information processing apparatus at every predetermined 
frame under the soft hand-off condition. 

[0035] A first receiving quality message report controlling method according to the present invention is characterized 
by a first step for recognizing whether or not the communication apparatus is under the soft hand-off condition and a 
second step for setting the reporting period of the receiving quality message of the communication apparatus. 

10 [0036] A fifth information processing apparatus according to the present invention is characterized by a receiving 
quality message acquisition means for acquiring the receiving quality message indicating the receiving quality that is 
obtained in a communication apparatus and transmitted from the communication apparatus at a predetermined fre- 
quency and receiving quality estimation means for estimating the current receiving quality of the communication ap- 
paratus based on the receiving quality message, wherein the receiving quality message acquisition means acquires 

15 the receiving quality message at higher frequency under the soft hand-off condition than under other conditions. 

[0037] A fifth communication apparatus according to the present invention is characterized by a receiving quality 
message generation means for generating a receiving quality message indicating the receiving quality that is obtained 
at a predetermined frequency based on the signal received from an information processing apparatus and receiving 
quality message insertion means for inserting the receiving quality message into the transmission signal to the infor- 

20 mation processing apparatus, wherein the receiving quality message generation means generates the receiving quality 
message at higher frequency under the soft hand-off condition than under other conditions. 

[0038] A second receiving quality message report controlling method according to the present invention is charac- 
terized by a first step for recognizing the condition of the communication resources to communicate with a communi- 
cation apparatus and a second step for setting the period of reporting the receiving quality message in the communi- 

25 cation apparatus in response to the condition of the communication resources. 

[0039] A sixth information processing apparatus according to the present invention is characterized by a receiving 
quality message acquisition means for acquiring a receiving quality message indicating the receiving quality obtained 
in a communication apparatus and transmitted from the communication apparatus at a predetermined frequency and 
receiving quality estimation means for estimating the current receiving quality of the communication apparatus based 

30 on the receiving quality message, wherein the period of transmitting the receiving quality message from the commu- 
nication apparatus is determined in response to the condition of the communication resources. 
[0040] A sixth communication apparatus according to the present invention is characterized by a quality message 
indicating the receiving quality by obtaining a receiving quality thereof at a predetermined frequency based on the 
signal received from an information processing apparatus and receiving quality message insertion means for inserting 

35 the receiving quality message into the transmission signal to the information processing apparatus at the predetermined 
frequency, wherein the receiving quality message generated by the receiving quality message generation means is 
generated at the period which is determined in response to the condition of the communication resources. 
[0041] In the first information processing apparatus, the first information processing method, the first program and 
the first recording medium according to the present invention, the current receiving quality in the communication ap- 

40 paratus is estimated based on both the receiving quality message transmitted form the communication apparatus at 
the first interval and the power control information transmitted at the second interval shorter than the first interval. 
[0042] In the first communication apparatus, the first communication method, the second program and the second 
recording medium according to the present invention, a receiving quality thereof is obtained based on the signal re- 
ceived form the information processing apparatus for generating the receiving quality message indicating the receiving 

45 quality as well as the power control information for requesting transmission power adjustment of the information 
processing apparatus. And the receiving quality message is inserted into the transmission signal to the information 
processing apparatus so that the receiving quality message is transmitted at the first interval and the power control 
information is inserted into the transmission signal so that it is transmitted at the second interval shorter than the first 
interval. 

so [0043] In the first communication system and the first communication method according to the present invention, the 
receiving quality of the communication apparatus is obtained based on the receiving signal received form an information 
processing apparatus for generating the receiving quality message indicating the receiving quality as well as generating 
the power control information to request transmission power adjustment of the information processing apparatus. And 
the receiving quality message is inserted into the transmission signal to the information processing apparatus at the 

55 first interval and the power control information is inserted into the transmission signal at the second interval shorter 
than the first interval. 

[0044] In the first communication system and the second communication method according to the present invention, 
the receiving quality in the communication apparatus is obtained based on the receiving signal received from the 
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information processing apparatus tor generating the receiving quality message indicating the receiving quality as well 
as the power control information for requesting transmission power adjustment of the information processing apparatus. 
And the receiving quality message is inserted into the transmission signal to the information processing apparatus to 
be transmitted at the first interval and the power control information is inserted into the transmission signal to be trans- 
5 mitted at the second interval shorter than the first interval. On the other hand, in the information processing apparatus, 
the current receiving quality in the communication apparatus is estimated based on both the receiving quality message 
and the power control information. 

[0045] In the second information processing apparatus, the second information processing method, the third program 
and the third recording medium according to the present invention, acquired are the mode request message transmitted 
10 from the communication apparatus at the first interval and the power control information to request adjustment of the 
transmission power transmitted form the communication apparatus at the second interval shorter than the first interval . 
And the transmission mode of the communication apparatus is set based on both the mode request message and the 
power control information. 

[0046] In the second communication apparatus, the third communication method, the fourth program and the fourth 

15 recording medium according to the present invention, the receiving quality is obtained based on the receiving signal 
received form the information processing apparatus for generating the mode request message indicating the requesting 
transmission mode and the power control information requesting transmission power adjustment of the information 
processing apparatus based on the receiving quality. And the mode request message is inserted into the transmission 
signal to the information processing apparatus to be transmitted at the first interval and the power control information 

20 is inserted into the transmission signal at the second interval shorter than the first interval. 

[0047] In the second communication system and the fourth communication method according to the present inven- 
tion, the receiving quality in the communication apparatus is obtained based on the receiving signal received from the 
information processing apparatus for generating the mode request message indicating the requesting transmission 
mode and the power control information for requesting transmission power adjustment of the information processing 

25 apparatus based on the receiving quality. And the mode request message is inserted into the transmission signal to 
the information processing apparatus to be transmitted at the first interval and the power control information is inserted 
into the transmission signal to be transmitted at the second interval shorter than the first interval. On the other hand, 
in the information processing apparatus, acquired from the communication apparatus are the mode request message 
to be transmitted at the first interval and the power control information to be transmitted at the second interval. And 

30 the transmission mode to the communication apparatus is set based on both the mode request message and the power 
control information. 

[0048] In the third information processing apparatus according to the present invention, the receiving quality message 
indicating the receiving quality as obtained in the communication apparatus and transmitted from the communication 
apparatus at every predetermined number of frames is acquired for estimating the current receiving quality of the 

35 communication apparatus based on the receiving quality message. 

[0049] In the third communication apparatus according to the present invention, a receiving quality thereof is obtained 
at every predetermined number of frames based on the receiving signal received from the information processing 
apparatus for generating the receiving quality message indicating the receiving quality. And the receiving quality mes- 
sage is inserted into the transmission signal to the information processing apparatus at every predetermined number 

40 of frames. 

[0050] In the fourth information processing apparatus according to the present invention, when the communication 
apparatus is under the soft hand-off condition, the receiving quality message obtained in the communication apparatus 
indicating the receiving quality and transmitted at every predetermined frame is acquired for estimating the current 
receiving quality of the communication apparatus based only on the receiving quality message. 
45 [0051] In the fourth communication apparatus according to the present invention, when under the soft hand-off con- 
dition, a receiving quality thereof is obtained at every predetermined frame for generating the receiving quality message 
indicating the receiving quality. And the receiving quality message is inserted into the transmission signal to the infor- 
mation processing apparatus at every predetermined frame. 

[0052] In the first receiving quality message report controlling method according to the present invention, judgment 
so is made whether or not the communication apparatus is under the soft hand-off condition and the period of receiving 
quality message report in the communication apparatus is set in response to the soft hand-off condition. 
[0053] In the fifth information processing apparatus according to the present invention, acquired is the receiving 
quality message indicating the receiving quality obtained in the communication apparatus and transmitted form the 
communication apparatus at a predetermined frequency. The current receiving quality of the communication apparatus 
55 is estimated based on the receiving quality message. In this case, if the communication apparatus is under the soft 
hand-off condition, the receiving quality message is acquired more frequently than in any other condition. 
[0054] In the fifth communication apparatus according to the present invention, a receiving quality thereof is obtained 
at a predetermined frequency based on the receiving signal received from the information processing apparatus for 
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generating the receiving quality message indicating the receiving quality. And the receiving quality message is inserted 
into the transmission signal to the information processing apparatus. In this case, if the communication apparatus is 
underthe soft hand-off condition, the receiving quality message is generated more frequently than under other condi- 
tions. 

5 [0055] in the second receiving quality message report controlling method according to the present invention, com- 
munication resources condition for communication with the communication apparatus is recognized for setting the 
interval for the receiving quality message report in the communication apparatus. 

[0056] In the sixth information processing apparatus according to the present invention, the receiving quality message 
indicating the receiving quality message indicating the receiving quality is recognized as obtained in the communication 
10 apparatus and transmitted from the communication apparatus at a predetermined frequency. The current receiving 
quality in the communication apparatus is estimated based on the receiving quality message. In this case, the interval 
of transmitting the receiving quality message from the communication apparatus is determined based on the condition 
of the communication resources. 

[0057] In the sixth communication apparatus according to the present invention, a receiving quality thereof based 
15 on the receiving signal received from the information processing apparatus at a predetermined frequency for generating 
the receiving quality message indicating the receiving quality may be obtained, in addition, the receiving quality mes- 
sage is inserted into the transmission signal to the information processing apparatus at the predetermined frequency. 
In this case, the receiving quality message is generated at the interval that is determined in response to the condition 
of the communication resources. 

20 

Brief Description of Drawings 
[0058] 

25 F1G.1 is an example of construction of the communication system to which the present invention is applied. 

FIG. 2 is a diagram showing data communicated between mobile terminal 1 and base station 2. 

FIG.3 is a block diagram showing an example of construction of the base station 2. 

FIG.4 are illustrations for describing QPSK and 1 6QAM. 

FIG.5 is a table for showing the coded modulation mode. 
30 FIG.6 is a block diagram showing an example of the adaptive modulation and coding unit 14. 

FIG. 7 is a diagram showing a way of allocating communication resources. 

FIG. 8 is a block diagram showing an example of mobile terminal 1 . 

FIG. 9 is a diagram showing the construction of one embodiment of the communication system to which the present 
invention is applied. 

35 FIG. 10 is a diagram showing data formats for upstream and downstream. 

FIG.11 is a block diagram of one example of mobile terminal 61 . 

FIG. 12 is a flowchart for describing receiving quality estimation procedure in DSCH channel. 
FIG.13 is a flowchart for describing power control information generation procedure in DPCH channel. 
FIG. 14 is a block diagram of one example of base station 62. 
40 FIG.1 5 is an illustration for describing the processing in receiving quality judgment unit 85. 

FIG.16 is a flowchart for describing receiving quality judgment procedure. 

FIG.1 7 is an illustration for describing the time interval of accumulating power control information in accumulation 
unit 84. 

FIG.1 8 is an illustration for describing the processing in receiving quality judgment unit 85. 
45 FIG. 19 is a graph illustrating the simulation result. 

FIG. 20 is a block diagram of an example of control unit 86. 

FIG.21 is a flowchart for describing the resource allocation procedure. 

FIG.22 is an illustration of the communication system for transmitting mode request messages from mobile termi- 
nals to base station. 

50 FIG.23 is an illustration of data between mobile terminal 101 and base station 102. 

FIG.24 is a block diagram of an example of base station 1 02. 
FIG.25 is a block diagram of an example of mobile terminal 101 . 

FIG.26 is a graph showing the relationship between modulation coding modes and receiving quality error rate 
(FER). 

55 FIG.27 is diagram illustrating another communication system to which the present invention is applied. 

FIG.28 is a block diagram of an example of base station 131 . 
FIG.29 is a chart describing the processing in mode setting unit 1 41 . 
FIG. 30 is a flowchart describing mode setting processing in mode setting unit 141 . 
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FIG.31 is a chart describing the time interval of accumulating power control information in accumulation unit 84. 
FIG. 32 is a diagram for describing soft hand-off condition. 
FIG. 33 is a diagram for describing soft hand-off condition. 
FIG. 34 is a diagram for describing soft hand-off condition. 

FIG.35 is a diagram for describing report frequency setting of receiving quality message in case of soft hand-off 
condition. 

FIG.36 is a diagram for describing soft hand-off condition. 
FIG. 37 is a diagram for describing soft hand-off conditions. 

FIG.3B is a diagram for describing report frequency setting of receiving quality message in case of soft hand-off 
condition. 

FIG.39 is a block diagram of an example of base station controlling station 303. 

FIG.40 is a diagram illustrating the way of transmitting interference amount from base station 302 to base station 
controlling station 303. 

FIG.41 is a flowchart for describing the report frequency control procedure. 
FIG.42 is a block diagram showing another example of base station 131 . 
FIG. 44 is a flowchart of threshold control procedure in threshold control unit 151 . 
FIG.44 is a flowchart of threshold control procedure in threshold control unit 151 . 

FIG.45 is a block diagram of an example of a construction for an embodiment of a computer to which the present 
invention is applied. 

Best Mode of Implementing the Invention 

[0059] FIG.1 shows an example of the construction of a communication system (the term "system" herein shall mean 
a logical combination of a plurality of apparatus in a single compartment or separate compartments) utilizing the AMCS 
communication system to which the present invention is applied. 

[0060] Mobile terminals 1-, to 1 3 are, e.g., cellular phones or other PDAs (Personal Digital Assistance) designed for 
communication with base station 2 in the AMCS communication system. 

[0061] It is to be noted that mobile terminals 1 t to 1 3 are referred to as the mobile terminal 1 hereunder as long as 
they need not be distinguished. 

[0062] Base station 2 controls by means of wireless communication in the AMCS communication system with mobile 
terminal 1 within the service area or the cell covered by the base station 2. In other words, transmission bandwidth 
and other communication resources for performing communication are allocated to the mobile terminal 1 . In this way, 
e.g., data from other mobile terminal (not shown) transmitted from another base station (not shown), Web page data 
from internet WWW (World Wide Web) server, mails from a male server, etc. are received and transmitted to the mobile 
terminal 1. Alternatively, base station 2 receives data transmitted form, e.g., mobile terminal 1 for transmission to 
another base station or the designated network such as the Internet. 

[0063] The AMCS communication between the mobile terminal 1 and the base station 2 is realized In the manner, 
e.g., as illustrated in FIG. 2. 

[0064] The data transmission from the mobile terminal 1 to the base station 2 is defined as "up" while that from the 
base station 2 to the mobile terminal 1 is defined as "down". 

[0065] As illustrated in FIG.2 (A), the base station 2 performs adaptive modulation coding, e.g., at a predetermined 
frame rate and transmits data to the mobile terminal 1 using a selected downstream channel (data channel). Since 
coding rate and multi-level modulation factor vary in frame rate in the AMCS communication system, the base station 
2 transmits to the mobile terminal 1 transmission parameters indicating the coding rate and the multi-level modulation 
factor in the next preceding frame in the data channel through another downstream channel (control channel) perform- 
ing modulation and coding by the fixed coding rate and multi-level modulation factor as shown in FIG.2 (B). By receiving 
the transmission parameters, the mobile terminal 1 recognizes the coding rate and the multi-level modulation factor in 
the subsequent frame in the data channel to perform demodulation and decoding for the next subsequent frame to be 
transmitted from the base station 2 in the data channel. 

[0066] As described hereinabove, the base station 2 performs adaptive modulation and coding based on the receiving 
quality in the mobile terminal 1 . 

[0067] For this end, the mobile terminal 1 determines the receiving quality of the signal transmitted from the base 
station 2 and transmit to the base station 2 a receiving quality message (transmission parameter request message for 
the next subsequent data frame) through a selected upstream channel (control channel) as illustrated in FIG.2 (C). 
The base station 2 recognizes the current receiving quality of the mobile terminal 1 based on the receiving quality 
message and determines the mode of coding rate and multi-level modulation factor corresponding to the receiving 
quality (transmission mode which is referred to as modulation coding mode hereunder). Then, as illustrated in FIG.2 
(B), the base station 2 transmits the modulation coding mode to the mobile terminal 1 and transmits the next subsequent 
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frame to the mobile terminal 1 In accordance with the coding rate and multi-level modulation factor corresponding to 
the modulation coding mode. 

[0068] FIG.3 shows an example of the base station 2 as illustrated in FIG.1 . 

[0069] Distribution unit 11 receives packet data from other mobile terminals or the like through, e.g., another base 
5 station. The distribution unit 11 distributes the packet data depending on addressed users and supplies to the buffers 
1 2 n . In other words, the distribution unit 1 1 firstly allocates the user addressed in the packed data to one of N buffers 
1 2 n to 1 2 n not allocated to any user. Subsequently, the distribution unit 1 1 supplies the packet data addressed to each 
user to the buffer 12 n allocated to the user. 

[0070] It is to be noted that the buffer 12 n is released as a free buffer so as to be allocated to other user when the 

10 communication link with the user allocated to the buffer 12 n is disconnected. 

[0071] The buffer 12 n is a so-called FIFO (farst-in first-out) type buffer and sequentially stores packet data supplied 
from the distribution unit 11 . And the packet data stored therein are sequentially read out by selection unit 1 3. 
[0072] In other words, the selection unit 13 selects either one of the buffers 12 n allocated to the addressed user 
under the control of control unit 22 and supplies the read-out packet data stored in the buffer 1 2 n to adaptive modulation 

15 and coding unit 14. 

[0073] The adaptive modulation and coding unit 14 encodes the packet data from the selection unit 1 3 in the coding 
method of the corresponding coding rate in accordance with the modulation coding mode supplied thereto from the 
control unit 22 and modulates the coded data in the modulation method of the corresponding multi-level modulation 
factor. The resulting modulated signal is supplied to spread unit 15. 
20 [0074] Modulation methods of different multi-level modulation factor include, e.g., QPSK (Quadrature Phase Shift 
Keying), 16QAM (Quadrature Amplitude Modulation), etc. 

[0075] In the case of the QPSK, 2 bits of the coded data are mapped to one symbol of 4 symbols on a plane defined 
by an in-phase component (I signal) and a quadrature component (Q signal) as shown in FIG.4 (A). On the other hand, 
in case of the 1 6QAM, 4 bits in the coded data are mapped to one symbol of 1 6 symbols on the plane defined by the 

25 | signal and the Q signal. 

[0076] As a result, even if the symbol rate for transmitting symbols is constant, the amount of transmission data per 
unit time is greater in the 1 6QAM than in the QPSK. However, the distance between symbols in the 1 6QAM is shorter 
than in the QPSK. This means that the noise characteristic in the QPSK is better than in the 16QAM. 
[0077] In other words, the QPSK transmits less data but provides better resistance to noise while the 1 6QAM is less 

30 resistance to noise but can transmit more data (increases data rate). 

[0078] On the other hand, other coding methods of different coding rates include, e.g., turbo coding of R = 1/2 and 3/4. 
[0079] It has to be noted that R represents the coding rate and R = x / y means x bits of data is coded into y bits data 
by adding (y - x) redundancy bits. As a result, the R = 1 / 2 coding includes 1 bit data and 1 redundancy bit while the 
R = 3 / 4 coding includes 3 data bits and 1 redundancy bit. 

35 [0080] Accordingly, R = 1 / 2 coding includes more redundancy bits in the data bit as compared to R = 3 / 4 coding, 
thereby decreasing data transmission rate (amount of real data) but improving error correction performance. On the 
other hand, R = 3 / 4 coding includes less redundancy bits in the data as compared to R = 1 / 2 coding, thereby 
decreasing error correction performance but increasing data transmission amount. 

[0081 ] In the adaptive modulation and coding unit 1 4, the aforementioned 2 types of modulation methods and 2 types 
40 coding methods are suitably selected to provide, e.g., 3 modulation coding modes # 0, # 1 and # 2 as shown in the 
table in FIG.5. 

[0082] In other words, in the modulation coding mode # 0, coding is made by the R = 1 / 2 and modulation is made 
by the QPSK. In the modulation coding mode # 1 , coding is made by the R = 1 / 2 and the modulation is made by the 
1 6QAM. In the modulation coding mode # 2, coding is made by R = 3 / 4 and modulation is made by the 1 6QAM. 

45 [0083] In this case, data transmission amount increases in the order of the modulation coding modes # 0, # 1 and # 
2, but the resistance to noise increases in the opposite order, or the modulation coding mode # 2, # 1 and # 0. 
[0084] As a result, the control unit 22 sets the modulation coding mode to # 0, enabling fast data transmission in the 
sacrifice of resistance to noise if the quality of the transmission path is good. Conversely, in case of poor quality of the 
transmission path, the control unit 22 sets the modulation coding mode to # 2 for improving resistance to noise in the 

50 sacrifice of the data rate. If the quality of the transmission path is not good but not so bad, the control unit 22 sets the 
modulation coding mode to # 1 . 

[0085] FIG. 6 shows an example of the adaptive modulation and coding unit 14 having the 3 modulation coding modes 
# 0, # 1 and # 2 as shown in FIG.5. 

[0086] Switch 31 is designed to receive the packet data derived from the selection unit 13 and selects either one of 
55 terminals 31 A, 31 B or 31 C in response to the modulation coding mode supplied from the control unit 22. In other words, 
in case of the modulation coding mode # 0, # 1 or # 2, the switch 31 selects the terminal 31 A, 31 B or 31 C, respectively. 
[0087] The terminal 31 A is connected to encoder 32A, thereby supplying the packet data from the selection unit 1 3 
to the encoder 32A when the terminal 31 A is selected by the switch 31 . The encoder 32A encodes the packet data 
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supplied thereto from the terminal 31 A by the R = 1 12 coding method and supplies the resulting coded data to modulator 
33A. The modulator 33A modulates the coded data from the encoder 32A by the QPSK modulation and supplies the 
resulting modulated signal to terminal 34A of a switch 34. Accordingly, in the modulation coding mode # 0, the packet 
data is coded by the R = 1/2 coding method and modulated by the QPSK modulation as described hereinabove. 
[0088] Connected to the terminal 31 B is encoder 32B for supplying the packet data from the selection unit to the 
encoder 32B when the terminal 31 B is selected by the switch 31 . The encoder 32B encodes the packet data supplied 
from the terminal 31 B by the R = 1 / 2 coding method and supplies the resulting coded signal to a modulator 33B. The 
modulator 33B modulates the coded data from the encoder 32B by the 1 6QAM modulation. The resulting modulated 
signal is supplied to terminal 34B of the switch 34. Accordingly, in the modulation coding mode #1 , the packet data is 
coded by the R = 1 / 2 coding method and modulated by the 1 6QAM modulation as described hereinabove. 
[0089] The terminal 31 C is connected to encoder 32C, thereby supplying the packet data from the selection unit 13 
to the encoder 32C when the terminal 31 C is selected. The encoder 32C encodes the packet data supplied from the 
terminal 31 C by the R = 3 / 4 coding method and supplying the resulting coded data to modulator 33C. The modulator 
33C modulates the coded data from the encoder 32C by the 1 6QAM modulation and the resulting modulated signal is 
supplied to terminal 34C of the switch 34. Accordingly, in the modulation coding mode # 2, the packet data is encoded 
by the R = 3 / 4 coding method and modulated by the 16QAM as described hereinabove. 

[0090] Similar to the switch 31 , the switch 34 selects either one of the terminals 34A, 34B and 34C in response to 
the modulation coding mode supplied from the control unit 22. In other words, the switch 34 selects the terminal 34A, 
34B or 34C in case of the modulation coding mode # 0, # 1 or # 2, respectively. 

[0091] As a result, the switch 34 provides the modulated signal as coded and modulated in accordance with the 
modulation coding mode. 

[0092] According to the adaptive modulation and coding as described hereinabove, since the packet data is proc- 
essed by the coding rate and the modulation factor depending on the quality of the transmission path, the packet data 
may be transmitted efficiently. 

[0093] It is to be noted that the encoders 32A and 32B in FIG.6 may be a common encoder. Similarly, the modulators 
33B and 33C may be a common modulator. 

[0094] Supplied to the spread unit 15 are not only the modulated signal from the adaptive modulation and coding 
unit 1 4 but also a modulated output from modulation unit 27. 

[0095] In other words, in case of supplying an audio data from another mobile terminal byway of another base station, 
such audio data is supplied to coding unit 25 which encodes the data at a fixed coding rate. The resulting coded data 
is supplied to multiplexing unit 26. 

[0096] The multiplexing unit 26 multiplexes the coded data from the coding unit 25 and a coded data supplied from 
coding unit 24 which will be described hereinafter. The resulting multiplexed data is supplied to the modulation unit 27. 
The modulation unit 27 modulates the multiplexed data from the multiplexing unit 26 at a fixed modulation factor and 
the resulting modulated signal is supplied to the spread unit 15. 

[0097] In the above manner, the spread unit 15 receives the modulated signal from the adaptive modulation and 
coding unit 14, the modulated signal from the modulation unit 27 and a pilot signal. The spread unit 15 spreads spectrum 
the modulated signal from the adaptive modulation and coding unit 1 4, the modulated signal from the modulation unit 
27 and the pilot signal respectively by different spread code within the same frequency bandwidth. The resulting spread 
spectrum signal is supplied to transmitter/receiver unit 16. 

[0098] The transmitter/receiver unit 1 6 performs amplification and other necessary processing onto the spread spec- 
trum signal from the spread unit 15 before being supplied to antenna 17 for transmission in a radio wave. 
[0099] The antenna 17 also receives radio wave transmitted from the mobile terminals 1 . And the resulting spread 
spectrum signal in form of radio wave is supplied to the transmitter/receiver unit 16. The transmitter/receiver unit 16 
amplifies the spread spectrum signal from the antenna 1 7 and supplies to reverse spread unit 1 8. The reverse spread 
unit 18 performs reverse spectrum spreading the spread spectrum signal from the transmitter/receiver unit 16. The 
resulting modulated signal is supplied to demodulation unit 19. 

[0100] The demodulation unit 1 9 demodulates the modulated signal from the reverse spectrum spread signal 1 8 to 
output various data such as the packet data, the audio data, etc. The various data derived from the demodulation unit 
1 9 are transmitted to, e.g., another base station. 

[0101] The data derived from the demodulation unit 19 by demodulation is also supplied to a receiving quality bit 
extraction unit 20. 

[0102] As described above by reference to FIG.2, the signal transmitted from the mobile terminals 1 contains the 
receiving quality message. The receiving quality bit extraction unit 20 extracts the bits corresponding to the receiving 
quality message contained in the data from the demodulator 1 9 and such data is supplied to receiving quality judgment 
unit 21. 

[0103] The receiving quality judgment unit 21 makes judgment of the receiving quality of the radio wave from the 
base station 2, i.e., the quality of the transmission path of the mobile terminals 1 based on the receiving quality message 
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from the receiving quality bit extraction unit 20. The judgment result is supplied to the control unit 22. 
[01 04] The control unit 22 sets the modulation coding mode based on the receiving quality judgment result from the 
receiving quality judgment unit 21 . The modulation coding mode is supplied to both the adaptive modulation and coding 
unit 14 and control data generation unit 23. 
5 [0105] As described hereinabove, the adaptive modulation and coding unit 14 performs adaptive modulation coding 
of the packet data supplied from the selection unit 13 in response to the modulation coding mode supplied from the 
control unit 22. 

[0106] On the other hand, the control data generation unit 23 generates the modulation method corresponding to 
the modulation coding mode from the control unit 22, the message (the abovementioned transmission parameters) 
10 and other control data necessary to control the mobile terminal 1 . And such data is supplied to coding unit 24. The 
coding unit 24 encodes the control data from the control data generation unit 23 at a fixed coding rate and provides 
the resulting coded data. The coded datafromthecoding unit24 is suppliedto the multiplexing unit 26 and ismultiplexed 
with the coded data from the coding unit 25 as described hereinabove. 

[0107] It is to be noted that the control unit 22 also controls the selection unit 13. As described hereinabove by 

is reference to FIG. 7, the selection unit 1 3 selectively reads out the packet data stored in the buffer 1 2 n under control of 
the control unit 22 and the packet data is supplied to the adaptive modulation and coding unit 1 4. As a result, the read- 
out packet data from the selection unit 13 is transmitted to the mobile terminal of the addressed user of the packet 
data. Accordingly, since selection by the selection unit 13 corresponds to allocation of the communication resources 
to the mobile terminal of the addressed user of the packet data, the control unit 22 can be set to control allocation of 

20 the communication resources. 

[0108] In FIG.7 having a single channel as the downstream line for the packet data transmission of the base station 
2, illustrated is allocation of the communication resources in a time sharing manner to the mobile terminals 1 1 to 1 3 
(users # 1 to # 3) for transmission of the packet data addressed to the users # 1 to # 3 of the mobile terminals 1 1 to 1 3 . 
[0109] Next, illustrated in FIG. 8 is the construction of an example of the mobile terminal 1 in FIG. 8. 

25 [0110] A radio wave from the base station 2 is received by antenna 41 and the received signal is supplied to trans- 
mitter/receiver unit 42. The transmitter/receiver unit 42 provides amplification and other necessary processing of the 
received signal from the antenna 41 before being supplied to reverse spread unit 43. The reverse spread unit 43 
performs reverse spectrum spreading of the spread spectrum signal or the received signal from the transmitter/receiver 
unit 42. As a result, obtained are the pilot signal, the adaptive modulated and coded data (corresponding to the output 

30 data from the adaptive modulation and coding unit 14 in FIG. 3) and the data modulated by a fixed coding rate and a 
fixed modulation factor (corresponding to the output data from the modulation unit 27 in FIG.3). 
[0111] The pilot signal is supplied to a CPICH receiving quality estimation unit 50, the adaptively modulated and 
coded data is supplied to data demodulation unit 49. Also, the data modulated by a fixed coding rate and a fixed 
modulation factor is supplied to demodulation unit 44. 

35 [0112] The demodulation unit 44 demodulates the data coded by a fixed coding rate and a fixed modulation factor 
from the reverse spread unit 43 and the resulting coded data is supplied to control data separation unit 45. The control 
data separation unit 45 separates the coded data of the control data from the coded data supplied from demodulation 
unit 44 to be supplied to control data demodulation unit 47 while supplying the remaining coded data to demodulation 
unit 46. The demodulation unit 46 demodulates the coded data from the control data separation unit 45 for providing 

40 the resulting signal such as, e.g., an audio signal. 

[0113] The control data decoding unit 47 decodes the coded data supplied from the control data separation unit 45 
to provide the control data which is supplied to control unit 48. The control unit 48 controls data demodulation/decoding 
unit 49 in accordance with the message indicating the modulation method and coding method included in the control 
data from the control data decoding unit 47. 
45 [0114] In other words, the data demodulation/decoding unit 49 demodulates the adaptively modulated and coded 
data from the reverse spread unit 44 by the demodulation method in accordance with the control from the control unit 
48. Additionally, the data resulting from the demodulation is decoded by the decoding method in accordance with the 
control from the control unit 48. And the data demodulation/decoding unit 49 outputs the packet data obtained as a 
result of the decoding. 

50 [0115] On the other hand, a CPICH receiving quality estimation unit 50 estimates the receiving quality of the adap- 
tively modulated and coded data based on the pilot signal (the pilot signal from the CPICH channel which will be 
described hereinafter) from the reverse spread unit 43. The receiving quality message indicating the receiving quality 
is supplied to a receiving quality bit insertion unit 51 . 

[0116] Supplied to the receiving quality bit insertion unit 51 are the receiving quality message from the CPICH re- 
55 ceiving quality estimation unit 50, the packet data to be transmitted from the mobile terminal 1 and other transmission 
data such as the audio data. The receiving quality bit insertion unit 51 inserts a series of bits corresponding to the 
receiving quality message into a predetermined position in the transmission data to be supplied to modulation unit 52 
after necessary encoding. 
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[01 17] The modulation unit 52 modulates the data from the receiving quality bit insertion unit 51 by a fixed modulation 
factor. And the modulation unit 52 supplies the resulting modulated signal to the spread unit 53. 
[0118] The spread unit 53 performs spectrum spreading on the modulated signal from the modulation unit 52 to 
obtain the spread spectrum signal which is supplied to the transmitter/receiver unit 42. The transmitter/receiver unit 
5 42 performs amplification and other necessary processing on the spread spectrum signal from the spread unit 53 for 
transmission from the antenna 41 as a radio wave. 

[0119] Incidentally, the communication by adaptive modification and coding is achieved by the base station 2 that 
determines the modulation coding mode based on the receiving quality message transmitted from the mobile terminal 
1 as described hereinabove. 

10 [01 20] However, there is a considerable delay time from the time when the mobile terminal 1 determines the receiving 
quality until the base station 2 recognizes the receiving quality because the base station 2 must receive the receiving 
quality message indicating the receiving quality as well as demodulating and decoding the message. 
[0121] As a result, when the base station 2 recognized the receiving quality indicated by the receiving quality mes- 
sage, the current receiving quality of the mobile terminal 1 might have changed, thereby disabling to select the optimum 

15 modulation coding mode and degrading the transmission efficiency. 

[0122] This problem is particularly significant when the transmission path characteristic varies suddenly in such a 
case as, e.g., the user of the mobile terminal 1 moving at a high speed in a train or the like. 

[0123] On the other hand, from the transmission efficiency point of view, it is preferable to increase the interval of 
transmitting the receiving quality message from the mobile terminal 1 . However, in such case, the current receiving 
20 quality of the mobile terminal may largely differ from the receiving quality message indicated by the receiving quality 
message, thereby preventing the transmission efficiency by the adaptive modulation and coding from being improved. 
[0124] Now, illustrated in FIG.9 is the construction of an embodiment of the communication system to which the 
present invention is applied. 

[0125] The communication system in FIG.9 comprises 3 mobile terminals 61., to 61 3 and base station 62. Commu- 
25 nication between the mobile terminals 61 1 to 61 3 and the base station 62 is performed by the AMCS communication 
system, e.g., W-CDMA system. 

[0126] The mobile terminals 61-, to 61 3 are, e.g., cellular phones or other PDAs similar to the mobile terminal 1 in 
FiG.1 and communicate with the base station 62 by the W-CDMA communication utilizing the AMCS communication 
system. 

30 [0127] In FIG.9, only3 mobile terminals 6^ to 61 3 are shown, but it is to be noted that the number of mobile terminals 
is not restricted. 

[0128] Note that the mobile terminals 61., to 61 3 are referred to as the mobile terminals 61 hereunder if individual 
mobile terminals need not to be distinguished. 

[0129] The base station 62 controls the mobile terminals 61 within the area covered thereby (cell) by the W-CDMA 
35 communication employing the AMCS communication system. In other words, the communication bandwidth and other 
communication resources for performing communication are allocated to the mobile terminals 61 for receiving data 
transmitter from, e.g., another mobile terminal (not shown) through another base station, Web page data from the 
internet www server, or mails from a mail server. Also, the base station 2 receives the data transmitted from, e.g., 
mobile terminals 61 for transmission to another base station or a predetermined network such as the Internet. 
40 [0130] Now, illustrated in FIG.1 0 is the data format of the communication between the mobile terminals 61 and the 
base station 62. 

[0131] It is to be noted that the communication between the mobile terminals 61 and the base station 62 is performed 
by the W-CDMA system. Illustrated in FIG.1 0 is a part of channel as specified by the 3GPP (3rd Generation Partnership 
Project) of the W-CDMA system. 
45 [01 32] The upstream line used for data transmission from the mobile terminals 61 and the base station 62 has DPDCH 
(Dedicated Physical data Channel) channel and DPCCH (Dedicated Physical Control Channel) channel as illustrated 
in FIG. 10 (A). 

[0133] DPDCH channel and DPCCH channel consist of slots each having a minimum unit of approximately 0.667ms. 
For example, 5 or 15 slots (approximately 3.33ms or 10ms) constitute a frame. 
50 [0134] DPDCH channel has data sections in which actual data of the packet data and the audio data to be transmitted 
form the mobile terminal 61 to the base station 62 are disposed. Furthermore, disposed in the data section in the 
DPDCH channel is the receiving quality message. 

[0135] DPCCH channel includes a pilot section and aTPC section. The pilot signal is disposed in the pilot section 
while a power control information which will be described hereinafter is disposed in the TPC (Transmit Power Control) 
55 section. 

[0136] The data disposed in DPDCH channel is allocated to the I signal while the data disposed in DPCCH channel 
is allocated to the Q signal. 

[0137] The downstream line used for data transmission from the base station 62 to the mobile terminals 61 has 
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DPCH (Dedicated Physical Channel) channel, DSCH (Down link Shard Channel) channel and CPICH (Common Pilot 
Channel) channel as illustrated in FIG.10 (B). Similar to DPDCH channel and DPCCH channel as described herein- 
above in FIG.10 (A), DPCH channel, DSCH channel and CPICH channel consist of slots each having the minimum 
unit of approximately 0.667ms. For example, 5 or 15 slots constitute 1 frame. 

[0138] Although the frames to be transmitted in the upstream line channel and the downstream line channel need 
not comprise identical number of slots, it is assumed that the frames to be transmitted in the upstream line and the 
downstream line channels are identical in this embodiment for ease of description. In other words, the upstream line 
and the downstream line have identical frame length. 

[0139] DPCH channel, DSCH channel and CPICH channel are transmitted in parallel (simultaneously) by spectrum 
spreading of different spread coding. 

[0140] DPCH channel includes a control section and a data section. Disposed in the control section are the modu- 
lation coding mode and other control data while disposed in the data section is the audio data or the like. Also disposed 
in the control section in DPCH channel is the pilot signal as the control data. 

[0141] DSCH channel has a data section in which the adaptively modulated and coded data is disposed. 
[0142] CPICH channel has a pilot section in which the pilot signal is disposed. 

[0143] Note that the pilot signal disposed in CPICH channel is spectrum spread by different spread coding from 
DPCH channel so as to be transmitted in parallel with the data disposed in the data section in DPCH channel. On the 
contrary, the pilot signal disposed in the control section in DPCH channel is transmitted by time multiplexing with the 
data disposed in the data section in DPCH channel. 

[0144] In order to distinguish the pilot signal disposed in the CPICH channel from the pilot signal disposed in the 
control section in DPCH channel, the pilot signal disposed in CPICH channel is referred to as the common pilot signal 
and the pilot signal disposed in the control section in D PCH channel is referred to as the individual pilot signal hereunder. 
In FIG.3 (similarly to FIGs.14, 24, 28 and 42 described hereinafter), the pilot signal applied to the spread unit 1 5 is the 
common pilot signal. 

[0145] Now, illustrated in FIG. 11 is the construction of the mobile terminal 61 in FIG. 9. In FIG. 11 , the units corre- 
sponding to those in FIG.1 have the same reference numerals and their descriptions will be omitted. In other words, 
the mobile terminal 61 in FIG.1 1 comprises individual pilot separation unit 71 , DPCH receiving quality estimation unit 
72, power control bit generation unit 73 and power control bit insertion unit 74 in addition to the mobile terminals 1 in 
FIG.8. 

[0146] Supplied to the individual pilot separation unit 71 is a signal in DPCH channel from the reverse spread unit 
43. The individual pilot separation unit 71 supplies the signal in DPCH channel to the demodulation unit 44 and also 
separates the individual pilot signal from the signal in DPCH channel to supply it to the DPCH receiving quality esti- 
mation unit 72. 

[0147] The DPCH receiving quality estimation unit 72 estimates the receiving quality of the signal in DPCH channel 

for, e.g., every slot based on the individual pilot signal from the individual pilot separation unit 71 . 

[0148] Assuming that symbols of the individual pilot signal included in 1 slot in DPCH channel are p[1], p[2], -,p[N], 

the DPCH receiving quality estimation unit 72 calculates a signal component S and an interference component I, e.g., 

in accordance with the following expressions and also calculates the receiving quality of the signal in DPCH channel 

SIRdpch: 



l = 1/NX2(p [n]-P ave ) 2 



P ave = 1/NX Z PM 



SIR DpcH =S/l (1) 

[0149] It is to be noted that the symbol Z means summation by varying the variable n from 1 to N. 
[0150] In the above manner, the signal quality estimation unit 72 calculates the receiving quality SIR DPCH of the 
signal in DPCH channel in every slot and supplies the receiving quality to the power control bit generation unit 73. 
[0151] The power control bit generation unit 73 generates the power control information for requesting the transmis- 
sion power adjustment in DPCH channel of the base station 62 based on the receiving quality SIR DPCH from the DPCH 
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receiving estimation unit 72. 

[0152] In other words, the power control bit generation unit 73 compares the receiving quality SIR DPCH with a pre- 
determined threshold value e. If the receiving quality SIR DPCH is greater than the threshold value e, the power control 
bit generation unit 73 sets the 1 bit flag TPC to, e.g., 0 as the power control information for requesting to reduce the 
5 transmission power in DPCH channel by 1dB. On the other hand, if the receiving quality SIR DPCH is lower than a 
predetermined threshold value e, the power control bit generation unit 73 sets the 1 bit flag TPC to 1 as the power 
control information for requesting the transmission power of DPCH channel by 1dB. 

[0153] In the above manner, the power control bit generation unit 73 sets the value to the power control information 
TPC that is supplied to the power control bit insertion unit 74. 

w [0154] The power control bit insertion unit 74 is designed to receive the power control information TPC from the 
power control bit generation unit 73 as well as a transmission data from the receiving quality bit insertion unit 51 . The 
power control bit insertion unit 74 inserts 1 bit corresponding to the power control information TPC at a predetermined 
location in the transmission data from the receiving quality bit insertion unit 51 before being supplied to the modulation 
unit 52. In other words, the power control bit insertion unit 74 places the power control information TPC at the TPC 

15 section in DPCCH channel of DPDCH channel and DPCCH channel as shown in FIG.1 0 (A) and such signal is supplied 
to the modulation unit 52. 

[0155] The mobile terminals 61 having the above construction execute the receiving procedure upon receiving the 
data from the base station 62 and the transmission procedure for transmitting the data to the base station 2. 
[0156] In other words, in the receiving procedure, the radio wave from the base station 62 is received at the antenna 
20 41 and the received signal is supplied to the reverse spread unit 43 through the transmitter/receiver unit 42. The reverse 
spread unit 43 executes the spectrum reverse spreading procedure on the received signal supplied thereto, thereby 
obtaining signals in DPCH channel, DSCH channel and CPICH channel (see FIG. 10 (B)). 

[0157] The DPCH channel signal is then supplied to the individual pilot separation unit 71 and the DSCH channel 
signal is supplied to the data demodulation/decoding unit 49. On the other hand, the CPICH channel signal is supplied 

25 to the CPICH receiving quality estimation unit 50. 

[0158] The individual pilot separation unit 71 separates the individual pilot signal from the DPCH channel signal 
supplied from the reverse spread unit 43 and the signal is supplied to the DPCH receiving quality estimation unit 72. 
Also, the individual pilot separation unit 71 supplies the DPCH channel signal supplied from the reverse spread unit 
43 to the demodulation unit 44. 

30 [0159] The demodulation unit 44, the control data separation unit 45, the decoding unit 46, the control data decoding 
unit 47, the control unit 48 and the data demodulation/decoding unit 49 execute the same procedure as those in the 
mobile terminal 1 in FIG.8. In this manner, the DSCH channel signal, i.e., adaptively modulated and coded data is 
demodulated and decoded in accordance with the modulation coding mode (adaptive modulation and coding). 
[0160] On the other hand, in the transmission processing, the transmission data such as the packet data to be trans- 

35 mitted from the mobile terminals 61 and the audio data are supplied to the receiving quality bit insertion unit 51 . Also 
supplied to the receiving quality bit insertion unit 51 is the receiving quality message, e.g., at frame rate for indicating 
the receiving quality obtained by the receiving quality estimation procedure of the DSCH channel signal in the CPICH 
receiving quality estimation unit 50 which will be described hereinafter. 

[0161] The receiving quality bit insertion unit 51 inserts the receiving quality message into the transmission data, i. 

40 e ., disposing the receiving quality message in the data section in DPDCH channel (FIG.1 0 (A)) as the transmission 
data and performs the necessary encoding in frame rate before being supplied to the power control bit insertion unit 74. 
[0162] The power control bit insertion unit 74 inserts into the transmission data from the receiving quality bit insertion 
unit 51 the power control information supplied thereto, e.g., in every slot from the power control bit generation unit 73 
by performing the power control information generation procedure of the DPCH channel signal as described hereinafter. 

45 in other words, the power control information is dispose in the TPC section (FIG.1 0 (A)) in DPCCH channel as the 
transmission signal before being supplied to the modulation unit 52. 

[0163] Subsequently, the modulation unit 52, the spread unit 53 and the transmitter/receiver unit 42 execute the 
same procedure as those in the mobile terminal 1 in FIG.8. And a radio wave corresponding to the transmission data 
is transmitted from the antenna 41 to the base station 62. 
so [0164] Then, in the mobile terminals 61 in FIG. 11, the aforementioned receiving quality estimation procedure of the 
DSCH channel signal and the power control information generation procedure are performed in addition to the receiving 
and transmission procedure. 

[01 65] Now, the receiving quality estimation procedure of the DSCH channel signal will be described first by reference 
to the flowchart in FIG. 12. 

55 [0166] in the receiving quality estimation procedure of the DSCH channel signal, in a first step S1 , the CPICH re- 
ceiving quality estimation unit 50 acquires the common pilot signal disposed in CPICH channel from the reverse spread 
unit 43. Then, it moves to the next step S2 in which the CPICH receiving quality estimation unit 50 estimates the 
receiving quality of the DSCH channel signal based on the common pilot signal. 
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[0167] In other words, assuming that symbols of the common pilot signal included in one frame in CPICH channel 
are c[1], c[2], ••• ,c[M], the CPICH receiving quality estimation unit 50 calculates the signal component S and the inter- 
ference component I and calculates the receiving quality of the DSCH channel signal SIR DPCH In accordance with the 
following expression: 

5 



U1/MXI(c[m]-C ave ) 2 



C ave = 1/NX£c[m] 



SIR DPCH = S/IXP offsel (2) 

[0168] It has to be noted that L in the expression (2) means summation by varying the variable m from 1 to M. P offset 
represents the ratio P DPC h /p cpich of the transmission power P DPCH in CPICH channel and the transmission power 

20 p cpich ln CPICH channel. For example, it is possible that P offset is a fixed value preset in the mobile terminals 61 , 
Alternatively, it is also possible, e.g., to transmit, P offset from the base station 62 to the mobile terminals 61 immediately 
after the communication link is established between the mobile terminals 61 and the base station 62. 
[01 69] In the above manner, the CPICH receiving quality estimation unit 50 calculates the receiving quality (estimated 
value) of the DSCH channel signal SIR DPCH which is supplied to the receiving quality bit insertion unit 51 before com- 

25 pleting the procedure. 

[0170] The CPICH receiving quality estimation unit 50 executes the receiving quality estimation procedure in FIG. 
1 2 at every frame and the receiving quality bit insertion unit 51 disposes the receiving quality in DSCH channel SIR DSCH 
from the CPICH receiving quality estimation unit 50 in the (part of) data section of DPDCH channel (FIG.1 0 (A)) as the 
receiving quality message. As a result, the receiving quality message indicating the receiving quality of DSCH channel 
30 SIR DSCH >s transmitted from the mobile terminals 61 to the base station 62 in DPDCH channel at the frame rate. 

[0171] Now, the power control information generation procedure of the DPCH channel signal will be described by 
reference to the flowchart in FIG.1 3. 

[0172] In the power control information generation procedure of the DPCH channel signal, in the first step S11, the 
individual pilot separation unit 71 extracts the individual pilot signal in the slots in DPCH channel from the reverse 
35 spread unit 43. And the extracted individual pilot signal is supplied to the DPCH receiving quality estimation unit 72. 
[0173] In the next step S12, the DPCH receiving quality estimation unit 72 calculates the receiving quality in DPCH 
channel SIR DPCH in accordance with the above expression (1) using the individual pilot signal supplied from the indi- 
vidual pilot separation unit 71 at frame rate and the calculated receiving quality is then supplied to the power control 
bit generation unit 73. 

40 [0174] In the subsequent step S13, the power control bit generation unit 73 compares the receiving quality SIR DPCH 
from the DPCH receiving quality estimation unit 72 with the predetermined threshold e for making judgment of their 
relative magnitude. 

[0175] If the receiving quality SIR DPCH is determined to be smaller than a predetermined threshold e in step S13, it 
goes to the step S14 for setting 1 as the power control information TPC which is the information for requesting the 
45 transmission power in DPCH channel to increase by 1 dB. Such information is supplied to the power control bit insertion 
unit 74 before completing the procedure. 

[0176] On the other hand, if the receiving quality SIR DPCH is determined not to be smaller than the predetermined 
threshold e in step S13, it goes to the step S15 in which the power control bit generation unit 73 sets 0 as the power 
control information TPC for requesting the transmission power in DPCH channel to decrease by 1 dB. And such infor- 
50 mation is supplied to the power control bit insertion unit 74 before completing the procedure. 

[0177] The individual pilot separation unit 71 , the DPCH receiving quality estimation unit 72 and the power control 
bit generation unit execute the power control information generation procedure of the DPCH channel signal in FIG. 13 
at the slot rate. As a result, the power control information TPC is transmitted from the mobile terminal 61 to the base 
station 62 at the slot rate. 

55 [0178] In other words, in the particular example, the receiving quality message indicating the receiving quality 
SIR DPCH in DSCH channel from the mobile terminals 61 to the base station 62 is transmitted at the frame rate. However, 
the power control information TPC in DPCH channel is transmitted at the slot rate that is shorter than the frame rate. 
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[0179] It is to be noted that, e.g., the receiving quality message is transmitted in a coded manner but the power 
control information TPC is transmitted without being coded. 

[0180] Next, illustrated in FIG. 14 is the construction of the base station 62 in FIG. 14. Note that the corresponding 
units to those in FIG.3 use the same reference numerals and their descriptions may be omitted. In other words, the 

5 base station 62 in FIG.14 is basically the same as the base station 2 in FIG.3 except the addition of power control bit 
extraction unit 81 , power adjustment unit 82, power control bit buffer 83 and accumulation unit 84 and replacing the 
receiving quality judgment unit 21 and the control unit 22 by receiving quality judgment unit 85 and control unit 86. 
[0181 ] The power control bit extraction unit 81 supplies the signal from the reverse spread unit 1 8 to the demodulation 
unit 19 and extracts the power control information TPC disposed in the TPC section in DPCCH channel (FIG. 10 (A)) 

10 from the signal. The power control information TPC is supplied to the power adjustment unit 82 and the power control 
bit buffer 83. 

[0182] The power adjustment unit 82 adjusts the transmission power of the modulated signal from the modulation 
unit 27 in accordance with the power control information TPC from the power control bit extraction unit 81 to be supplied 
to the spread unit 15. In other words, if the power control information TPC is 1 , the power adjustment unit 82 power 
15 amplifies the modulated signal from the modulation unit 27 by the amplification factor higher than the current value by 
1dB before being supplied to the spread unit 15. On the other hand, if the power control information TPC is 0, the 
power adjustment unit 82 power amplifies the modulated signal from the modulation unit 27 by the amplification factor 
lower than the current value by 1dB before being supplied to the spread unit 15. 

[0183] In the base station 62, the modulated signal with adjusted transmission power in the power adjustment unit 
20 82 is transmitted to DPCH channel (FIG. 10 (B)). As described hereinabove, the mobile terminals 61 set the power 
control information TPC in response to the receiving quality in DPCH channel SIR DPCH . As a result, in the base station 
62, the DPCH channel signal is transmitted after adjusting the transmission power so as to obtain a predetermined 
receiving quality SIR DPCH by the mobile terminals 61 . 

[0184] The power control bit buffer 83 temporarily stores the 1 bit power control information TPC from the power 
25 control bit extraction unit 81 . It is to be noted that the power control bit buffer 83 has a sufficient memory capacity to 
store the power control information TPC transmitted from the mobile terminals 61 for at least the report delay time that 
will be described hereinafter. The power control bit buffer 83 is comprised of, e.g., a so called ring buffer so that the 
current power control information overwrites the oldest power control information when no vacant capacity is available. 
[0185] The accumulation unit 84 accumulates one part or all of the power control information stored in the power 
30 control bit buffer 83 which will be described hereinafter and the accumulated value is supplied to the receiving quality 
judgment unit 85. 

[0186] The receiving quality judgment unit 85 controls the accumulation unit 84 to acquire the accumulated value of 
the power control information. Also, the receiving quality judgment unit 85 uses the receiving quality message supplied 
from the receiving quality bit extraction unit 20 and the accumulated value of the power control information from the 
35 accumulation unit 84 for accurately estimating the current receiving quality of DSCH channel (FIG.1 0 (B)) in the mobile 
terminals 61 and the estimated value is supplied to the control unit 86. 

[0187] The control unit 86 executes the resource allocation procedure to be described hereinafter based on the 
receiving quality from the receiving quality judgment unit 85, thereby determining the buffer 12 n to be selected by the 
selection unit 13. The selection unit 13 is controlled in accordance with the determination. It is to be noted that the 

40 control unit 86 is designed to supply respective data storage amount in the buffers 12 1 to12 n . The control unit 86 
executes the resource (communication resources) allocation procedure based not only on the receiving quality from 
the receiving quality judgment unit 85 but also the respective data storage amount in the buffers 12 1 to1 2 n or the like. 
[0188] The base station 62 having the above construction executes the transmission procedure for transmitting data 
to the mobile terminals 61 and the receiving procedure for receiving the data from the mobile terminals 61 . 

45 [0189] In otherwords, in the transmission procedure, the packet data transmittedfromothermobile terminals through, 
e.g., another base station is supplied to and stored in a predetermined buffer 12 n by way of the distribution unit 11. 
And the selection unit 13 selects either one of the buffers 12 1 to 12 n under control of the control unit 86 as described 
hereinafter. The packet data stored in the selected buffer 1 2 n is read out for supplying to the adaptive modulation and 
coding unit 14. The adaptive modulation and coding unit 14 adaptively modulates and encodes the packet data from 

so the selection unit 1 3 in accordance with the modulation coding mode supplied from the control unit B6. And the resulting 
modulated signal is supplied to the spread unit 15. 

[01 90] On the other hand, the audio data from other mobile terminals transmitted from another base station is supplied 
to the multiplexer unit 26 through the coding unit 25. The control data generated by the control data generation unit 
23 is supplied to the multiplexer unit 26 through the coding unit 24. 
55 [0191] The multiplexer unit 26 and the modulation unit 27 process the audio data and the control data in the similar 
manner to the case in FIG.3. And the resulting modulated signal is supplied from the modulation unit 27 to the power 
adjustment unit 82, 

[0192] As described hereinabove, the power adjustment unit 82 adjusts the transmission power of the modulated 
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signal in accordance with the current power control information from the power control bit extraction unit 81 and supplies 
to the spread unit 15. 

[0193] The spread unit 15 is designed to receive the common pilot signal together with the modulated signal from 
the adaptive modulation and coding unit 14 and the modulated signal from the power adjustment unit 82. The spread 
5 unit 15 provides a spread spectrum signal by spectrum spreading the modulated signal from the adaptive modulation 
and coding unit 1 4, the modulated signal from the power adjustment unit 82 and the common pilot signal into the same 
frequency bandwidth using respectively different spread coding. The spread spectrum signal is then supplied to the 
transmitter/receiver unit 16 and transmitted from the antenna 17 in a radio wave. 

[0194] It is to be noted that the modulated signal from the adaptive modulation and coding unit 14, the modulated 
10 signal from the power adjustment unit 82 and the common pilot signal are transmitted in DSCH channel (FIG.1 0 (B)), 
DPCH channel and CPICH channel, respectively. 

[0195] On the other hand, in the receiving procedure, the radio wave transmitted form the mobile terminal 61 is 
received by the antenna 17 and the received signal is then supplied to the power control bit extraction unit 81 through 
the transmitter/receiver unit 16 and the reverse spread unit 81 . 

is [0196] The power control bit extraction unit 81 not only supplies the signal from the reverse spread unit 18 to the 
demodulation unit 19 and extracts from such signal the power control information TPC disposed in theTPC section in 
DPCCH channel (FIG.1 0 (A)) for supplying to the power adjustment unit 82 and the power control bit buffer 83. 
[0197] As described in the above transmission procedure, the power adjustment unit 82 adjusts (increases or de- 
creases by 1dB) the transmission power of the modulated signal transmitted in DPCH channel from the modulation 

20 unit 27 in accordance with the recent power control information TPC from the power control bit extraction unit 81 and 
such signal is supplied to the spread unit 15. As described hereinabove, the power control information TPC is trans- 
mitted from the mobile terminal 61 by being disposed in the slots. As a result, the modulated signal transmitted in 
DPCH channel is transmitted with adjusted transmission power for each slot. 

[01 98] The power control buffer 83 sequentially stores the 1 bit power control information TPC from the power control 
25 bit extraction unit 81 . It is to be noted that the power control information TPC stored in the power control bit buffer 83 
is used to execute the receiving quality judgment procedure, which will be described hereinafter. In this manner, the 
receiving quality in DSCH channel in the mobile terminals 61 is accurately estimated. 

[0199] On the other hand, the demodulation unit 1 9 demodulates the signal from the power control bit extraction unit 
81 to obtain various data such as the packet data and the audio data. Among the data obtained by demodulation of 
30 the demodulation unit 19, the data disposed in DPDCH channel (FIG.1 0 (A)) is also supplied to the receiving quality 
bit extraction unit 20. 

[0200] As described hereinabove, the receiving quality message indicating the receiving quality SIR DSCH in DSCH 
channel is disposed in DPDCH channel at the frame rate and transmitted to the base station 62 from the mobile terminal 
61. 

35 [0201] The receiving quality bit extraction unit 20 extracts the receiving quality message included in the data in 
DPDCH channel (FIG.1 0 (A)) from the demodulation unit 19 and such message is supplied to the receiving quality 
judgment unit 85. 

[0202] The receiving quality judgment unit 85 uses both the receiving quality message from the receiving quality bit 
extraction unit 20 and the power control information stored in the power control bit buffer 83 for accurately estimating 

40 the current receiving quality in DSCH channel SIR (Signal to Interference Ratio) in the mobile terminal 61 . 

[0203] In other words, in the mobile terminal 61 , 1 frame of CPICH channel (FIG.1 0 (B)) is chosen as an interval 
(SIR measurement section) for measurement of the receiving quality in CPICH channel as illustrated in FIG.1 5. The 
common pilot signal in such SIR measurement section is monitored and calculates the receiving quality in DSCH 
channel SIR DSCH in accordance with the above expression (2). The receiving quality message indicating the receiving 

45 quality SIR DSCH is disposed in the data section in DPDCH channel (FIG.1 0 (A)) and is transmitted at the frame rate. 
However, since the receiving quality message is coded, it must be decoded. Furthermore, the decoding cannot be 
made until after receiving the entire data in the frame in which the receiving quality message is disposed. 
[0204] For this reason, the receiving quality in DSCH channel is recognized in the base station 2 from only the 
receiving quality message transmitted from the mobile terminal 61 . The modulation coding mode is selected in response 

so to the receiving quality to perform the adaptive modulation and coding in the modulation coding mode. As illustrated 
in FIG.1 5, adaptive modulation and coding in the modulation coding mode in response to the receiving quality is per- 
formed in the base station 62 at a substantially delayed timing from the time when the receiving quality in DSCH channel 
is observed in the mobile terminal 61 . 

[0205] It has to be noted that in the particular example illustrated in FIG.15, the adaptive modulation and coding in 
55 the modulation coding mode in response to the receiving quality is performed in the base station after the delay time 
equal to 4 frames since the receiving quality in DSCH channel is monitored in the mobile terminal 61 . In other words, 
in FIG.1 5, let say the frame in DSCH channel to perform the adaptive modulation and coding an interested frame, the 
receiving quality indicating the current receiving quality message usable for determining the modulation coding mode 
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for the interested frame has been calculated past the delay time equal to 4 frames in the mobile terminal 61 . 
[0206] Now, the time difference between the timing of the interested frame and the timing when the mobile terminal 
61 calculated the receiving quality indicating the receiving quality message used for determining the modulation coding 
mode for the interested frame is referred to as a report delay time T D . 

s [0207] In the base station 62, in case of recognizing the receiving quality in DSCH channel based only the receiving 
quality message, the adaptive modulation and coding for the interested frame is performed based on the old receiving 
quality calculated by the mobile terminal 61 by the report delay time T D . As a result, if the current receiving quality of 
the mobile terminal 61 has changed during the report delay time T D , an optimum adaptive modulation and coding 
cannot be performed for the interested frame, thereby resulting in degradation in the transmission efficiency. 

10 [0208] In order to overcome this problem, the receiving quality judgment unit 85 accurately estimates the current 
receiving quality in DSCH channel SIR in the mobile terminal 61 using not only the receiving quality message in DSCH 
channel but also the power control information TPC for transmission power control in DPCH channel. 
[0209] In other words, as described hereinabove, the power control information TPC from the mobile terminal 61 is 
chosen at the slot rate shorter period than the rate when the receiving quality message is transmitted (1/5 or 1/15 

15 according to the data format as illustrated in FIG. 10). Also, the power control information TPC is transmitted without 
being coded, thereby enabling to acquire the power control information TPC disposed in the slots immediately. Fur- 
thermore, since the power control information TPC requests transmission power adjustment in order to maintain the 
receiving quality in DPCH channel in the mobile terminal 61 , the value indicates whether the receiving quality in DPCH 
channel has been improved or degraded as compared to the receiving quality in the past. Although DPCH and DSCH 

20 channels are different from each other, they are spectrum spread in the same frequency bandwidth and transmitted at 
the same time. Change of the receiving quality in DPCH channel may be considered to basically indicate changes of 
the receiving quality in DSCH channel. 

[0210] Based on the above assumption, the receiving quality judgment unit 85 takes in consideration of the accu- 
mulated value of the power control information TPC received in the time preceding the report delay time T D for the 

25 receiving quality message from the interested frame for which the modification coding mode is going to determine (set) 
based on the receiving quality message. In this manner, the current receiving quality in DSCH channel SIR for the 
mobile terminal 61 may be estimated accurately by the receiving quality judgment procedure. 
[0211] In other words, illustrated in FIG. 16 is a flowchart describing such receiving quality judgment procedure. 
[0212] In first step S21 , the receiving quality judgment unit 85 controls the accumulation unit 84 in such a manner 

30 as to calculate the accumulation of the power control information TPC as received at the time preceding the report 
delay time T D corresponding to the recent receiving quality message. 

[0213] In this manner, the accumulation unit 84 uses the power control information TPC stored in the power control 
bit buffer 83 and calculates the accumulated value ASIR [dB] In accordance with, e.g., the following expression: 

35 ASIR = 2(1 -2XTPC[kj) (3) 

[0214] It has to be noted that TPC [ k ] in the above expression (3) is the power control information received at the 
preceding time equal to k slots with respect to the interested frame and £ means summation over the report delay time 
40 t d . 

[0215] Then, in the next step S22, the receiving quality judgment unit 85 estimates the current receiving quality in 
DSCH channel SIR in the mobile terminal 61 by adding the receiving quality in DSCH channel SIR DSCH indicating the 
current receiving quality and the accumulated value ASIR in accordance with the following expression before complet- 
ing the procedure. 

45 

SIR = SIR DSCH + aX ASIR (4) 

[0216] However, ain the above expression (4) is a weighting factor to the accumulated value ASIR which is a real 

50 numerical value within the range of 0 or more and 1 or less. 

[0217] In the above manner, the receiving quality judgment unit 85 accurately estimates the current receiving quality 
in DSCH channel SIR. And the receiving quality SIR is supplied to the control unit 86 that determines the modulation 
coding mode for the interested frame based on the accurate receiving quality SIR. Accordingly, the mobile terminal 61 
performs the adaptive modulation and coding best suited for the current receiving quality for the interested frame, 

55 thereby improving the transmission efficiency. 

[0218] It has to be noted that the report delay time T D can beset, e.g., to a fixed time in advance. Alternatively, the 
current time may be transmitted, e.g. , by adding to the receiving quality message in the mobile terminal 61 for calculating 
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the report delay time T D by the base station 62 based on the current time added to the receiving quality message. 
[0219] Although the power control information TPC is transmitted at the slot rate from the mobile terminal 61 in the 
above case, it is possible to send the power control information TPC at an interval of several slots. However, in this 
case, estimation accuracy of the current receiving quality in DSCH channel SIR in the mobile terminal 61 is degraded 
5 as compared to the case of transmitting the power control information TPC in every slot. 

[0220] Since the power control information TPC is not coded, it may include an error. It is therefore possible to 
estimate the current receiving quality in DSCH channel SIR with a certain degree of hysteresis, e.g., in accordance 
with the following expression: 

10 SIR = S!R DSCH + a X ASIR (where IASIRI >th) 



SIR = SIR DSCH (where IASIRI ^th) (5) 

15 

[0221] According to the above expression (5), the absolute value of the accumulation IASIRI is less than a prede- 
termined threshold value th, such small absolute value of the accumulation ASIR is considered as an error and is not 
included in the estimation of the receiving quality in DSCH channel SIR. 

[0222] Next, although the receiving quality message is transmitted at the frame rate in the mobile terminal 61 in the 
20 above case, it is possible to transmit the receiving quality message at an interval of predetermined number of slots, e. 

g., as illustrated in FIG. 17. In other words, for example, if resources in the upstream line from the mobile terminal 61 

to the base station 62 are insufficient, the frequency of transmitting the receiving quality message from the mobile 

terminal 61 may be decreased. In the particular case as illustrated in FIG. 17, the receiving quality message from the 

mobile terminal 61 is transmitted at an interval equal to 3 frames. 
25 [0223] However, in such case of transmitting the receiving quality message at the interval of several frames, the 

report delay time varies depending on the interested frames. As a result, the interval of accumulating the power control 

information TPC must be modified depending on such changes. 

[0224] In other words, in the case of transmitting the receiving quality message, e.g., at the interval of 3 frames as 
illustrated in FIG.1 7, the timing of receiving the next receiving quality message # 2 after receiving the receiving quality 
30 message # 1 in the base station 62 is 3 frames after that time. As a result, what is transmitted in the base station 62 
immediately after the timing of receiving the receiving quality message # 1 is a fourth frame as illustrated in FIG.1 7, 
the timing when the receiving quality message # 2 is obtained is immediately before transmitting a seventh frame, that 
is 3 frames after the fourth frame. 

[0225] As described hereinbefore, it is necessary to estimate the current receiving quality in DSCH channel SIR 
35 using the receiving quality message # 1 for three frames from the fourth frame to immediately before the seventh frame. 
[0226] In this case, the report delay time T D1 for the fourth frame is equal to the report delay time T D in the case in 
FIG.1 5. However, the report delay time T D2 for the fifth frame and the report delay time T D3 for the sixth frame are not 
equal to the report delay time T D . In other words, the report delay time T D2 for the fifth frame is equal to the report 
delay time T D plus the time for 1 frame. On the other hand, the report delay time T D3 for the sixth frame is equal to the 
*o report delay time T D plus the time for 2 frames. 

[0227] Accordingly, in the case where the receiving quality message is transmitted at an interval equal to several 
frames, it is necessary to accumulate the power control information TPC by changing the report delay time for each 
interested frame as described hereinabove in the accumulation unit 84 (it is necessary to change the interval for ac- 
cumulating the power control information TPC). 
45 [0228] As described hereinabove, in the case where the transmission frequency of the receiving quality message 
from the mobile terminal 61 is changed in response to the resources in the upstream line, the frequency of the resources 
in the upstream line becoming insufficient may be reduced. 

[0229] It is to be noted that the interval of transmitting the receiving quality message from the mobile terminal 61 
may be variable rather than fixed. 
50 [0230] In addition, although the number of slots constituting the upstream line and the downstream line are identical 
in the above embodiment, in the case where the number of slots differ in the upstream line and the downstream line, 
the receiving quality of the mobile terminal 61 when transmitting the frames may be accurately estimated by varying 
the report delay time in the similar manner as described hereinabove. 

[0231] Next, although the current receiving quality in DSCH channel SIR in the mobile terminal 61 is estimated by 
55 adding the receiving quality SIR DSCH indicating the current receiving quality message and the accumulated value ASIR 
of the power control information TPC in the above case, the current receiving quality in DSCH channel SIR may be 
estimated using the receiving quality SIR indicating receiving quality messages that have been received in the past, i. 
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e., using a plurality of receiving quality messages. 

[0232] In other words, for example, as illustrated in FIG.1 8, it is possible to estimate the current receiving quality in 
DSCH channel SIR using the recent receiving quality message # 0 together with the receiving quality message # -1 
received 1 frame before the message # 0 and the receiving quality message # -2 received further 1 frame before the 
message # -1 . 

[0233] In this case, the power control information TPC is accumulated by varying the report delay time for each 
receiving quality message. 

[0234] In other words, in the embodiment as illustrated in FIG. 18, the power control information TPC is accumulated 
over the time interval of the report delay time T D similar to the case in FIG. 15 for the current receiving quality message 
# 0 and the accumulated value is added to the receiving quality indicating the receiving quality message # 0 for cal- 
culation of the current first receiving quality in DSCH channel SIR [1]. 

[0235] For the receiving quality message # -1 received 1 frame before, the accumulation of the power control infor- 
mation TPC is performed over the time interval of the report delay time T D plus the time T F for 1 frame and the accu- 
mulated value is added to the receiving quality indicating the receiving quality message # -1 for calculating the current 
second receiving quality in DSCH channel SIR [2]. For the receiving quality message # -2 received 2 frame before, 
the power control information TPC is accumulated over the time interval of the report delay time T D plus the time for 
2 frames 2T F and the accumulated value is added to the receiving quality indicating the receiving quality # -2 for 
calculating the current third receiving quality in DSCH channel SIR [3]. 

[0236] In addtion, the first through third receiving quality SIR [1 ] to SIR [3] are averaged, for example, with or without 
weighting for estimating the current receiving quality in DSCH channel SIR in the mobile terminal 61 . 
[0237] Now, in estimating the current final receiving quality in DSCH channel in the mobile terminal 61 using the 
recent receiving quality message through receiving quality message before N frames, estimation can be made in ac- 
cordance with the following expression: 

SIR = E (w[i] X SIR DSCH [i] + a [i] ASIRp]) (6) 

[0238] In the above expression (6), SIR DSCH [ i ] represents the receiving quality indicating the receiving amount i 
frame before the recent receiving quality message. And ASI R[i] represents the accumulated value of the power control 
information TPC over the time interval of the report delay time for the receiving quality message, otfi] is a weighting 
factor for the accumulated value ASIRp]. Furthermore, w[i] is the weighting factor for the current receiving quality in 
DSCH channel that can be calculated from the receiving quality SIR DSCH [i] indicating the receiving quality message 
from the current receiving quality message to the receiving quality message for i frames therebefore. Finally, Z repre- 
sents the summation by varying the i from 0 to N. 

[0239] Here, the weighting factor w[ i ] is equal to 1 when i is summed and is preferable to satisfy the expression, e. 
g.,w[i]=iw[i-1]. 

[0240] It has to be noted that, although all receiving quality messages from the recent receiving quality message to 
the N frames before according to the above expression (6), it is possible to estimate the current receiving quality in 
DSCH channel SIR for the mobile terminal 61 using receiving quality messages for a plurality of skipping frames rather 
than the receiving quality for a plurality of consecutive frames. 

[0241] In addition, the receiving quality estimation method as described hereinabove in FIG18 is applicable to the 
case for transmitting the receiving quality messages from the mobile terminal 61 in skipping frame manner. 
[0242] Next, FIG.1 9 shows a graph of simulation results of estimating the receiving quality in DSCH channel based 
only on the receiving quality message and on both the receiving quality message and the power control information 
as described hereinabove in FIG.1 5. 

[0243] In FIG.1 9, the horizontal axis represents the receiving quality in DSCH channel and the vertical axis represents 
the normalized throughput of the base station 62. 

[0244] In FIG. 19, • shows the throughput of the receiving quality in DSCH channel estimated by only the receiving 
quality message while A shows the throughput of the receiving quality in DSCH channel estimated by the receiving 
quality message and the power control information. The report delay time T D is equal to the time for 4 frames. 
[0245] As it is apparent from FIG. 19, estimation of the receiving quality in DSCH channel by the receiving quality 
message and the power control information improves the throughput as compared to estimation by only the receiving 
quality message. 

[0246] It has to be noted that, under the so-called soft hand-off (software handover) condition when the mobile ter- 
minal 61 communicates with not only the base station but also with other base stations, the receiving quality in DSCH 
channel is preferably estimated without using the power control information or with very small weighting for the power 
control information. The reason is given as follows. 
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[0247] In other words, since it is necessary for DPCH channel transmitting the control data to regularly allocate to 
users, in the mobile terminal 61 under the soft hand-off condition, signals from a plurality of base stations are combined 
(e.g., performing the RAKE receiving for combining the outputs from so-called fingers), thereby improving the receiving 
quality. However, since, user allocation is carried out irregularly for DSCH channel transmitting adaptively modulated 
5 and coded packet data, data transmission is most likely to be performed from only one base station even if data trans- 
mission from a plurality of base stations is possible. Accordingly, under the soft hand-off condition, although the re- 
ceiving quality in DPCH channel may be improved by the RAKE receiving, the receiving quality in DSCH channel is 
not improved. 

[0248] In addition, in the mobile terminal 61 , when the signals in DPCH channel are combined (when RAKE received), 
10 the power control information TPC is generated based on the combined signal. 

[0249] As a result, changes in the receiving quality in DPCH channel indicating the power control information TPC 

cannot be recognized as changes in the receiving quality in DSCH channel. As a result, accuracy of the receiving 

quality in DSCH channel may deteriorate if estimated by taking the power control information TPC into consideration. 

[0250] In the case where the mobile terminal 61 is communicating with a plurality of base stations, the receiving 
15 quality in DSCH channel is preferably estimated without the power control information or with very small weighting 

factor for the power control information . Note that such estimation can be made by setting the weighting factor a in the 

above expression (4) to 0 or close to 0. 

[0251] Next, illustrated in FIG.20 is the construction of an example of the control unit 86 in FIG. 14. 
[0252] The control unit 86 includes averaging units 92 1 to 92 n and arithmetic devices 93 1 to 93 n each having the 
20 same number N as the buffers 12 1 to 12 n in FIG.14 as well as one each of mode allocation unit 91 and resource 
allocation unit 94. 

[0253] Supplied to the mode allocation unit 91 from the receiving quality judgment unit 85 is the receiving quality 
(estimated value) in DSCH channel in the mobile terminal 61 of the user to which the communication channel is es- 
tablished. Also supplied to the mode allocation unit 91 is a user selection information to be obtained by executing a 
25 resource allocation procedure in the resource allocation unit 94 which will be described hereinafter. 

[0254] Here, the user selection information indicates one of the user mobile terminal 61 establishing the communi- 
cation link to which DSCH channel is allocated. Concretely, it means one of the buffers 12., to 12 n storing the packet 
data addressed to the user to which DSCH channel is allocated. 

[0255] The mode allocation unit 91 determines the modulation coding mode for transmitting the packet data stored 
30 in the buffer 12 n indicating the user selection information to the mobile terminal 61 of the user to which the packet data 
is addressed based on the receiving quality in DSCH channel, thereby outputting the modulation coding mode. The 
modulation coding mode is supplied to the adaptive modulation and coding unit 14 and the control data generation 
unit 23 as described hereinabove by reference to FIG. 14. 

[0256] The receiving quality in DSCH channel in the mobile terminal 61 of the user who has established the com- 
35 munication link is supplied not only to the mode allocation unit 91 but also to the averaging unit 92 n corresponding to 
the buffer 12 n allocated to the user. 

[0257] The averaging unit 92 n calculates the receiving quality of the mobile terminal 61 of the user to which the buffer 
12 n is allocated, e.g., the average value since the communication link of the mobile terminal 61 is established as the 
represented value of the receiving quality in the mobile terminal 61 . And such calculated value is supplied to the arith- 
40 metic device 93 n . 

[0258] It has to be noted that, since the receiving quality of the mobile terminal 61 is supplied, e.g., at the frame rate 
from the receiving quality judgment unit 85, the averaging unit 92 n calculates the new average upon receiving the 
receiving quality at the frame rate and supplies such new averaged value to the arithmetic device 93 n . 
[0259] By calculating the receiving quality of the mobile terminal 61 over a certain long time interval in the averaging 
45 unit 92 n in the above manner, it is possible to remove from the receiving quality any temporary change in the trans- 
mission path quality such as fading. 

[0260] In addition, although asimple average is calculated as a representative receiving quality of the mobile terminal 
61 , it is possible to use other calculations such as moving average, weighted average, etc. In case of calculating the 
weighted average as the representative value of the receiving quality for the mobile terminal 61 , the receiving quality, 

so e.g., closer to the current time should have a larger weighting factor. 

[0261] Supplied to the arithmetic device 93 n are not only the average value of the receiving quality in the mobile 
terminal 61 of the user allocated to the corresponding buffer 12 n from the averaging unit 92 n but also the current 
receiving quality in the mobile terminal 61 . And the arithmetic device 93 n calculates the difference between the current 
receiving quality and the averaged receiving quality (referred to as receiving quality difference hereunder) and supplies 

55 it to the resource allocation unit 94. 

[0262] Supplied to the resource allocation unit 94 are not only the receiving quality differences from the averaging 
units 92 1 to 92 n but also the current receiving quality of the mobile terminal 61 of the user to which the buffers 12 1 to 
12 n is allocated. Also supplied to the resource allocation unit 94 is the data storage amount (or buffer storage amount) 
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from the buffers ^ to 12 n . 

[0263] The resource allocation unit 94 executes the resource allocation procedure based on the above receiving 
quality difference, the current receiving quality and the buffer storage amount, thereby determining the user of the 
mobile terminal 61 to which DSCH channel is allocated. And the resource allocation unit 94 supplies the user selection 
5 information indicating the buffer 12 n to which the user is allocated to the mode allocation unit 91 and the selection unit 
13inFIG.14. 

[0264] In the above manner, the selection unit 1 3 in FIG.1 4 selects the buffer 12 n indicating the user selection infor- 
mation supplied from the resource allocation unit 94 for reading out the packet data stored therein and the read-out 
data is supplied to the adaptive modulation and coding unit 14. 
10 [0265] Next, reference is made to the flowchart in FIG.21 to describe the operation of the resource allocation unit 
94 in FIG. 20, which executes a resource allocation procedure. 

[0266] In a first step S31 of the resource allocation procedure, judgment is made by the resource allocation unit 94 
to determine if the buffer storage amount num_byte in the buffer 12 n is greater than 0 byte, i.e., if any packet data is 
stored in the buffer 12 n . 

15 [0267] If the buffer storage amount num_byte in the buffer 12 n is determined not greater than 0 byte in step S31, i. 
e., if there is no packet data to be transmitted to the mobile terminal 61 of the user allocated to the buffer 12 n , it goes 
to step S32 and the resource allocation unit 94 sets the evaluation value eva for evaluating the allocation of DSCH 
channel for the user to 0 before moving to step S38. 

[0268] On the other hand, if the buffer storage amount num_byte of the buffer 1 2 n is determined greater than 0 byte, 
20 i.e., if there is packet data to be transmitted to the mobile terminal 61 of the user allocated to the buffer 12 n in step 
S31 , it goes to step S33 in which the resource allocation unit 94 sets the buffer storage amount num_byte to a first 
argument byte_eva for calculating the evaluation value eva before moving to step S34. 

[0269] In step S34, the resource allocation unit 94 subtracts from the present time t the last time lastj when DSCH 
channel is allocated to the mobile terminal 61 of the user to which the buffer 12 n is allocated. This gives the waiting 
25 time for the use of DSCH channel as the DSCH channel allocation frequency to the user and sets to a second argument 
t_eva for calculating the evaluation value eva. 

[0270] Then, the resource allocation unit 94 moves to step S35 in which the receiving quality difference delta_SIR 
from the averaging unit 92n is set to a third argument d_SIR_eva for calculating the evaluation value eva before moving 
to step S36. In step S36, the resource allocation unit 94 sets the latest receiving quality SIR of the user mobile terminal 
30 61 to which the buffer 1 2 n is allocated to a fourth argument SIR_eva for calculation of the evaluation value eva before 
moving to step S37. 

[0271] In step S37, the resource allocation unit 94 calculates the evaluation value eva, e.g., in accordance with the 
following expression before moving to step S38. 

eva = w1 x t_eva + w2x d_SIR_eva + w3 x SIR_eva + w4 x byte_eva (7) 

[0272] In the above expression (7), w1 , w2, w3 and w4 are weighting factors. 

[0273] The resource allocation unit 94 executes the procedure in steps S31 to S38 for all of the users allocated to 
40 the buffers 12 1 to 12 N and calculates the evaluation value eva for each user. 

[0274] In addition, it goes to step S38 in which the resource allocation unit 94 seeks for the user having the maximum 
evaluation value eva and determines to allocate DSCH channel to the user. Also, the resource allocation unit 94 gen- 
erates the user selection information indicating the buffer 12 n allocated to the user. 

[0275] It is assumed that there is only one DSCH channel in this particular case. If there are, e.g., plural (L) DSCH 
45 channels, top L users in the evaluation value eva are determined for allocation of such L DSCH channels. However, 

even if there are L DSCH channels, it is possible to allocate all of the L DSCH channels to the user having the maximum 

evaluation value eve, thereby increasing the data transmission rate by L times. Alternatively, in an event that plural 

DSCH channels are available, it is possible to allocate one each of DSCH channel to some of the users while allocating 

plural DSCH channels to each of the remaining users. 
so [0276] After that, it goes to step S39 in which the resource allocation unit 94 renews the above mentioned variable 

last_t to the current time for the users (selected users) to which DSCH channel is determined to be allocated in the 

previous step S38. 

[0277] It has to be noted that the resource allocation procedure is executed, e.g., attheframe rate in DSCH channel. 
[0278] As described hereinabove, allocation of DSCH channel to users is determined based on the receiving quality 
55 difference, it is possible to allocate DSCH channel or channels to the mobile terminals within the cell or the service 
area of the base station 62 as fairly as possible and to maintain the throughput of the base station 62 as high level as 
possible. 

[0279] In other words, in case of allocating DSCH channel based on the receiving quality difference, DSCH channel 
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is allocated to a given mobile terminal 61 only when the receiving quality of the given mobile terminal 61 is larger than 
the averaged value. As a result, in this case, users locating near the base station 62 to have a relatively high averaged 
value in the receiving quality and users locating far from the base station 62 to have relatively low averaged value in 
the receiving quality are treated equally. 

5 [0280] Furthermore, in case of paying attention to a certain user having relatively high receiving quality, since DSCH 
channel is allocated to such user when the latest receiving quality is larger than its averaged value, data transmission 
efficiency is largely improved. On the other hand, in case of paying attention to a certain user having relatively low 
averaged value in the receiving quality, DSCH channel is allocated to such user when the latest receiving quality is 
larger than its averaged value. In other words, DSCH channel is allocated to such user when the receiving quality is 

10 relatively good, thereby improving the transmission efficiency rather than being allocated when the most recent receiv- 
ing quality is lower than its averaged value. 

[0281] It has to be noted that in the embodiment in FIG.21 , since DSCH channel allocation is determined based on 
the evaluation value eva using not only the receiving quality difference but also the buffer storage amount, the waiting 
time and the latest receiving quality with respective weighting, it is possible to achieve DSCH channel allocation most 

ts suitable for various purposes (or applications) depending on the way of weighting. 

[0282] In other words, in the case of emphasizing the throughput of the base station 62, for example, relatively large 
weighting factors are used for the receiving quality difference and the latest receiving quality but using relatively small 
weighting factors for the others. On the other hand, in case of emphasizing, e.g., fairness in service to all users in the 
cell or the service area of the base station 62, relatively large weighting factors are used for the receiving quality 

20 difference and the waiting time but using relatively small weighting factor for the others. Additionally, in case of em- 
phasizing, e.g., overflow prevention of the buffers 12 n , relatively large weighting factors are used for the receiving 
quality difference and the buffer storage amount but using relatively small weighting factors for the others. 
[0283] In addition, it is also possible to use variable weighting factors for the receiving quality difference, the buffer 
storage amount, the waiting time and the latest receiving quality rather than fixed value. In this case, it is possible to 

25 optionally change the weighting factors by the operator of the base station 62 or automatically changing them depending 
on cases. In other words, in case of storing packet data of highly real-time nature in the buffers 12 n , it is possible to 
use a large weighting factor for the buffer 12 n storage amount as long as such packet data is in existence. 
[0284] It has to be noted that, although the highly accurate receiving quality calculated by the receiving quality judg- 
ment unit 85 is used as the receiving quality for the resource allocation procedure in the resource allocation unit 94 in 

30 the embodiment in FIG.20, it is possible to use the receiving quality derived only from the receiving quality message 
in the resource allocation procedure. 

[0285] Next, although the embodiment in FIG .9 is described about the present invention applied to the communication 
system in which the mobile terminals transmit to the base station the receiving quality message indicating the receiving 
quality, it is possible to apply the present invention to a communication system in which, e.g., the mobile terminals 
35 transmit directly to the base station the mode request message for requesting a predetermined modulation coding 
mode. 

[0286] In other words, FIG.22 illustrates the construction of a communication system in which the mobile terminals 
transmit to the base station the mode request message for requesting the modulation coding mode instead of the 
receiving quality message. 

40 [0287] Mobile terminal 101 1 to 101 3 are, e.g., cellular phones or other PDAs (Personal Digital Assistances) similar 
to the mobile terminal 1 in FIG.1 or the mobile terminal 61 in FIG.9 and communicate with base station 102 by the 
W-CDMA communication using the AMCS communication system. 

[0288] Although 3 mobile terminal 10^ to 101 3 are shown in FIG.22 similar to the embodiments in FIG.1 and FIG. 
9, the number of mobile terminals are not limited. 
45 [0289] It is to be noted that the mobile terminal 1 01 ^ to 1 01 3 are referred to as the mobile terminal 1 01 hereinafter 
unless individual mobile terminals need to be distinguished from one another. 

[0290] The base station 1 02 controls the mobile terminal 1 01 within the area (cell) covered by the base station 1 02 
by the W-CDMA communication using the AMCS communication system. In other words, the base station 102 allocates 
communication bandwidth and other communication resources necessary for communication with the mobile terminal 

50 101, thereby receiving, e.g., data from other mobile terminals (not shown) transmitted through another base station 
(not shown), Web page data from a WWW server of internet, mails from a mail server, etc, and transmits them to the 
mobile terminal 101. Alternatively, the base station 102 receives, e.g., data transmitted from the mobile terminal 101 
for transmission to another base station or a predetermined network such as Internet or the like. 
[0291] The AMCS communication between the mobile terminal 101 and the base station 102 is performed in the 

55 manner as shown in FIG. 23. 

[0292] In other words, the base station 102 performs adaptive modulation and coding on the mobile terminal 101 , 
e.g., at a predetermined frame rate as illustrated in FIG.23 (A) and transmits data through a certain downstream line 
(data channel). Since coding rate and multi-level modulation factor vary at frame rate in the AMCS communication 
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system, the base station 102 transmits to the mobile terminal 101 the modulation coding mode as transmission pa- 
rameters indicating the coding rate and the multi-level modulation factor for the immediately preceding frame through 
another downstream channel (control channel) coded by a fixed coding rate and multi-level modulation factor as illus- 
trated in FIG. 23 (A) in the similar manner to FIG.2 (B) which has been described hereinabove. By receiving the mod- 
5 ulation coding mode as the transmission parameters, the mobile terminal 1 01 recognize the coding rate and the multi- 
level modulation factor for the next subsequent frame for demodulation and decoding the next subsequent frame trans- 
mitted from the base station 1 02. 

[0293] Although the base station 102 notifies the modulation coding mode to the mobile terminal 101 in the above 
manner, in the base station 102 in the communication system in FIG.22, setting (decision) of the modulation coding 

10 mode is made based on the mode request message transmitted from the mobile terminal 1 01 . 

[0294] In other words, the mobile terminal 101 obtain the receiving quality of the signal transmitted from the base 
station 102 and recognize the modulation coding mode suitable for the mobile terminal 101 based on the receiving 
quality, thereby generating a mode requesting message for requesting such modulation coding mode. And the mobile 
terminal 1 01 transmit to the base station 1 02 the mode request message through the upstream channel (control chan- 

15 nel) as illustrated in FIG.23 (C). The base station 102 sets the modulation coding mode (transmission mode) corre- 
sponding to the mode request message and transmits the modulation coding mode to the mobile terminal 101 as 
illustrated in FIG.23 (B). 

[0295] It has to be noted that the base station 102 sets the modulation coding mode for the mobile terminal 101 
based on the mode request message from the mobile terminal 1 01 and the resources in the downstream data channel 
20 (FIG.23 (A)). 

[0296] In addition, as illustrated in FIG.23 (A), the base station 102 performs adaptive modulation and coding of the 
coding rate and multi-level modification factor corresponding to the modulation coding mode set for the next subsequent 
frame before being transmitted to the mobile terminal 1 01 . 

[0297] On the other hand, the mobile terminal 101 receive the data included in the frame transmitted from the base 
25 station 102 through the data channel in the manner as described hereinabove. If the data from the base station 102 
is normally received, the mobile terminal 101 transmit to the base station 102 a message for requesting the next data 
together with the necessary mode request message. On the other hand, if the data from the base station 1 02 could 
not be received normally, the mobile terminal 101 transmit a resend request message asking for resending the data 
to the base station 102 (FIG.23 (C)). 
30 [0298] It is to be noted that, in the embodiment as shown in FIG.23, transmission of the mode request message 
(FIG.23 (C)), transmission of the modulation coding mode set based on the mode request message (FIG.23 (B)) and 
transmission of the data in the modulation coding mode (FIG.23 (A)) are performed at the frame rate. However, it is 
possible to perform transmission of the mode request message (FIG.23 (C)), transmission of the modulation coding 
mode (FIG.23 (B)) and data transmission (FIG.23 A)) at any other rate. 
35 [0299] In addition , since the data format in the communication between the mobile terminal 1 01 and the base station 
102 is the same as that in FIG. 10, no description is given herein. 

[0300] Now, FIG. 24 is the construction of an example of the base station 102. Note that the units in FIG.24 corre- 
sponding to those in either the base station 2 in FIG.3 or the base station 62 in FIG. 14 have the same reference 
numerals and there descriptions may be omitted hereinafter. 
40 [0301] Resend request message extraction unit 111 extracts any resend request message, which may be included 
in the signal from the demodulation unit 19 and supplies such message to control unit 114. Also, the resend request 
message extraction unit 111 supplies the signal from the demodulation unit 19 to mode request message extraction 
unit 112. 

[0302] The mode request message extraction unit 112 extracts the mode request message in the signal supplied 
45 from the resend request message extraction unit 111 and supplies such message to mode setting unit 113. 

[0303] It has to be noted that the resend request message and the mode request message are disposed, e.g., at 
the frame rate in the same manner as the above described receiving quality message and are disposed in the data 
section in DPDCH channel (FIG. 10 (A)). And they are designed to be transmitted from the mobile terminal 1 01 to the 
base station 1 02. As a result, the resend request message and the mode request message are extracted from the data 
50 disposed in PDCH channel in the resend request message extraction unit 1 1 1 and the mode request message extraction 
unit 112, respectively. 

[0304] The mode setting unit 113 sets the modulation coding mode for the mobile terminal 101 based on the mode 
request message from the mode request message extraction unit 112 and the resources in the base station 102 and 
transmits such mode to the control unit 113. 
55 [0305] In other words, if the resources are sufficient, for example, the mode setting unit 113 sets the modulation 
coding mode indicated by the mode request message from the mode request extraction unit 112. On the other hand, 
if the resources are insufficient, the mode setting unit 113 sets the modulation coding mode capable of setting within 
the available resource. 
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[0306] The control unit 1 1 4 supplies the modulation coding message set by the mode setting unit 1 1 3 to the adaptive 
modulation and coding unit 14 and the control data generation unit 23. In addition, the control unit 114 controls the 
selection unit 13 to select the buffer 12 n storing the packet data to be transmitted in the modulation coding mode set 
by the mode setting unit 113, e.g., in the same manner as the control unit 22 in FIG.3. 

[0307] The packet data stored in the buffer 1 2 n selected by the selection unit 1 3 is supplied to the adaptive modulation 
and coding unit 1 4 where the packet data from the selection unit 1 3 is adaptively modulated and coded in accordance 
with the modulation coding mode supplied from the control unit 114. And the resulting modulated signal is supplied to 

a resend buffer 115. . 
[0308] The resend buffer 115 temporarily stores the modulated signal supplied from the adaptive modulation and 
coding unit 14 and then supplies the modulated data to the spread unit 1 5. The subsequent procedure is the same as 
the case in the base station 62 in FIG. 14. 

[0309] It has to be noted that, if the resend request message is received from the resend message extraction unit 
111 the control unit 114 neglects the modulation coding mode from the mode setting unit 113. The control unit 114 
controls the resend buffer 115 and resends to the spread unit 15 the modulated signal including the packet data that 
is requested to resend by the resend request message from the resend request message extraction unit 111 . In this 
way the packet data requested to resend by the resend request message is resent. 

[0310] In addition, if the resend request message is received, the control unit 114 controlsthe control data generation 
unit 23 to include in the control data the same modulation coding mode as transmitted at the previous time and a resend 
flag indicating resend. In the above manner, if the resend request message for the data is received from the mobile 
terminal 1 01 , the base station 1 02 sends the data in the same modulation coding mode as transmitted in the previous 

[0311] It has to be noted that, the control unit 114 controls the adaptive modulation and coding unit 14 and stops 
sending the next packet data to the mobile terminal 1 01 , e.g., until resending of the data requested to resend is com- 
pleted. 

[0312] Next, reference is made to FIG.25 illustrating the construction of an example of the mobile terminal 101 in 
RG.22. It is to be noted in FIG.25 that units corresponding to those in the mobile terminals 1 in FIG.8 and the mobile 
terminals 61 in FIG. 11 have the same reference numerals and no descriptions may be given hereinafter. 
[0313] In the embodiment in FIG.25, the packet data from the data demodulation/decoding unit 49 is supplied to 
error detection unit 121. 

[0314] The error detection unit 121 performs error detection by, e.g., CRC (Cyclic Redundancy Check) code on the 
data supplied from the data demodulation/decoding unit 49. 

[0315] in other words, the CRC code is included in the packet data and the error detection unit 121 performs parity 
check ofthe packet datasuppliedfromthedata demodulation/decoding unit 49 using theCRC code for error detection. 
And the error detection unit 1 21 supplies the result of the error detection of the packet data to resend request message 
generation unit 122. 

[0316] The resend request message generation unit 122 generates a data request message or a resend request 
message in accordance with the error detection result from the error detection unit 121 and such message is supplied 
to resend request message insertion unit 123. 

[0317] In other words, if an error detection result indicating that an error is detected in the packet data is received, 
i e if the packet data is not normally received, the resend request message generation unit 122 generates the resend 
request message to request resending the packet data and such resend request message is supplied to the resend 
request message insertion unit 123. On the other hand, if the error detection result of not detecting any error in the 
packet data, i.e., if the packet data is normally received, the resend request message generation unit 122 generates 
the data request message for requesting transmission of the next packet data and such message is supplied to the 
resend request message insertion unit 123. 

[031 8] Here a single bit flag may be used for example as the resend request message and the data request message. 
In this case, for example, the flag having the value 1 indicates the resend request message while the flag having the 
value 0 indicates the data request message. 

[0319] In addition, the error detection unit 121 detects any error in the packet data at the frame rate. As a result, the 
resend request message generation unit 122 generates either resend request message or data request message at 
the frame rate. 

[0320] Supplied to the resend request message insertion unit 1 23 are the resend request message orthe data request 
message from the resend request message generation unit 122 and the transmission data. 

[0321] The resend request message insertion unit 123 disposes the transmission data in the data section (FIG. 10 
(A)) in DPDCH channel for outputting to the mode request message 124. Also, the resend request message or the 
data request message supplied from the resend request message generation unit 1 22 at the frame rate is disposed in 
predetermined location in the frame in DPDCH channel for outputting to the mode request message 124. 
[0322] Supplied to the mode request message insertion unit 124 are the output from the resend request message 
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insertion unit 123 and the mode request message from mode selection unit 125 to be described hereinafter, e.g., at 
the frame rate timing. 

[0323] The mode request message insertion unit 1 24 disposes the mode request message supplied from the mode 
selection unit 125 at the frame rate in the data section (FIG.10 (A)) in the corresponding frame in DPDCH channel 
5 supplied from the resend request message insertion unit 123 and performs necessary coding at the frame rate before 
being supplied to the power control bit insertion unit 74. 

[0324] On the other hand, the mode selection unit 125 selects the modulation coding mode suitable for the mobile 
terminal 1 01 based on the output from the CPICH receiving quality estimation unit 50 and generates the mode request 
message for requesting data transmission in the modulation coding mode. And such message is supplied to the mode 
10 request message insertion unit 124. 

[0325] In other words, the CPICH receiving quality estimation unit 50 calculates the receiving quality of the signal in 
DSCH channel SIR DSCH at the frame rate as described in the receiving quality estimation procedure in FIG. 12 and 
supplied to the mode selection unit 125. 

[0326] The mode selection unit 125 selects one of the 3 modulation coding modes # 0, # 1 and # 2 based on the 
15 receiving quality SIR DSCH supplied from the CPICH receiving quality estimation unit 50 to achieve, e.g., the error rate 
FER (Frame Error Rate) less than a predetermined value and good transmission efficiency. 

[0327] More specifically, the mode selection unit 125 stores, e.g., the relationship between each of the modulation 
coding mode # 0, # 1 and # 2 and the error rate as illustrated in FIG.26 and selects one of the modulation coding 
modes, e.g., 1 0% or less error rate and good transmission efficiency based on the receiving quality SIR DSCH from the 

20 CPICH receiving quality estimation unit 50. 

[0328] As a result, according to the embodiment in FIG.26, the modulation coding mode # 0 is selected, if the receiving 
quality SIRsdch is, e.g., -8dB or less. The modulation coding mode # 1 is selected, if the receiving quality SIR DSCH is, 
e.g., larger than -8dB but less than -4dB. And the modulation coding mode # 2 is selected, if the receiving quality 
SIR DSCH is, e.g., equal to or greater than -4dB. 

25 [0329] As a matter of fact, as in the communication system in FIG.22 described hereinabove, the communication 
system for transmitting the mode request message instead of the receiving quality message also encounters a certain 
delay like the communication system in FIG.1 from the time of calculating the receiving quality SIR DSCH by the mobile 
terminal 101 until recognizing by the base station 102 the mode request message selected based on the receiving 
quality SIR DSCH . 

30 [0330] As a result, at the time when the base station 102 recognizes the mode request message from the mobile 
terminal 101 and starts sending the data by the modulation coding mode set based on the mode request message, 
there is a possibility where the receiving quality SIR DSCH in the mobile terminal 1 01 has largely changed and disabling 
to transmit data in the optimum demodulation coding mode, thereby degrading transmission efficiency. 
[0331] Similar to the communication system in FIG.1 , this problem is specifically significant when the user of the 

35 mobile terminal 1 01 moves at a high speed in a train or the like, thereby rapidly changing the transmission path char- 
acteristic. 

[0332] On the other hand, from the transmission efficiency point of view, it is preferable that the transmission interval 
of the mode request message by the mobile terminal 101 is long. However, in this case, the current receiving quality 
SIR DSCH in the mobile terminal 1 01 may differ largely from the receiving quality SIR DSCH when the modulation coding 
40 mode represented by the mode request message is selected. This prevents the transmission efficiency by the adaptive 
modulation and coding from being improved. 

[0333] In view of that, illustrated in FIG.27 is the construction of one embodiment of the communication system for 
preventing (reducing) the above mentioned degradation in transmission efficiency in the case where the mode request 
message is transmitted from the mobile terminals to the base station and the modulation coding mode is set in the 

45 base station based on the mode request message. 

[0334] It has to be noted in the figure that sections corresponding to those in FIG.22 have the same reference nu- 
merals and no descriptions may be given hereinafter. In other words, the communication system in FIG.27 has basically 
the same construction as the system in FIG.22 except provision of base station 131 instead of the base station 102. 
[0335] Illustrated in FIG.28 is the construction of an example of the base station 131 in FIG.27. It is to be noted in 

50 FIG.28 that the sections corresponding to those in the base station 62 in FIG. 14 or the base station 102 in FIG.24 use 
the same reference numerals and their descriptions may be omitted hereinafter. In other words, the base station 131 
is provided with mode setting unit 1 41 replacing the mode setting unit 1 1 3 in the base station 1 02 in FIG.24. Additionally, 
the base station 131 is provided with the power control bit buffer 83 and the accumulation unit 84 in the base station 
62 in FIG.14 as compared to the base station 102 in FIG.24. 

55 [0336] In addition, in the embodiment in FIG.28, supplied to the mode setting unit 1 41 are the mode request message 
from the mode request message extraction unit 112 and the accumulation value ASIR calculated in the accumulation 
unit 84 in accordance with the expression (3) using the power control information TPC stored in the power control bit 
buffer 83. 
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[0337] In addition, the mode setting unit 141 sets the modulation coding mode suitable for the current receiving 
quality SIR DSCH in the mobile terminal 1 01 based on both the mode request message supplied form the mode request 
message extraction unit 1 1 2 and the accumulation value ASIR of the power control information TPC supplied from the 
accumulation unit 84. 

5 [0338] In other words, in the mobile terminal 101, the common pilot signal in each SIR measurement section or 1 
frame of CPICH channel (FIG. 10 (B)) for measurement of the receiving quality in DSCH channel is monitored to cal- 
culate the receiving quality in DSCH channel SIR DSCH in accordance with the expression (2) as illustrated in FIG.29. 
And the modulation coding mode suitable for the receiving quality SIR DSCH is selected as described hereinabove by 
reference to FIG.26. The mode request message indicating the selected modulation coding mode is, then, disposed 

10 in the data unit in DPDCH channel (FIG.1 0 (A)) in the mobile terminal 1 01 and is transmitted at thef rame rate. However, 
since the mode request message is coded, it must be decoded and such decoding cannot be carried out until after 
complete receiving of the frame in which the mode request message is disposed. 

[0339] For the above reason, the modulation coding mode represented by the mode request message transmitted 
from the mobile terminal 1 01 is set in the base station 1 31 and the adaptive modulation and coding is performed in the 

15 modulation coding mode. As illustrated in FIG.29, the adaptive modulation and coding will be performed in the selected 
modulation coding mode based on the receiving quality SI R DSCH in the base station 1 31 at considerably delayed timing 
from the time when the receiving quality in DSCH channel SIR DSCH is measured in the mobile terminal 101. 
[0340] It has to be noted that in FIG.29, similar to the case in FIG. 15, the adaptive modulation and coding in the 
selected modulation coding mode based on the receiving quality SlR DSCH is performed in the base station 131 after 

20 the delay time corresponding to 4 frames with respect to the time of measurement of the receiving quality in DSCH 
channel in the mobile terminal 101 . In other words, FIG.29 illustrates that the modulation coding mode indicated by 
the current mode request message to be used for setting the modulation coding mode for an interested frame of the 
DSCH channel frames which is going to perform the adaptive modulation and coding is selected past the delay time 
corresponding to 4 frames in the mobile terminal 101 . 

25 [0341] Here, the time difference between the timing of the interested frame and the time when the receiving quality 
SIR DSCH is calculated in the mobile terminal 101 to be used for generating the mode request message for setting the 
modulation coding mode for the interested frame is referred to as the report delay time Td hereinafter. 
[0342] As for the base station 1 31 , if the modulation coding mode indicated by the mode request message is set for 
the interested frame without considering the report delay time, the adaptive modulation and coding for the interested 

30 frame will be performed on the modulation coding mode selected based on the receiving quality SIR DSCH calculated 
in the mobile terminal 1 01 after passing the report delay time T D . If the receiving quality SI R DSCH in the mobile terminal 
1 01 has changed in the report delay time T D , the adaptive modulation and coding for the interested frame cannot be 
made properly, thereby degrading the transmission efficiency. 

[0343] In view of this situation, the mode setting unit 141 sets the modulation coding mode for the interested frame 
35 using not only the mode request message but also the power control information TPC for transmission power control 
of DPCH channel. 

[0344] In other words, as described hereinabove, the power control information TPC is transmitted from the mobile 
terminal 101 in the slot rate, i.e., at a shorter interval than the transmission period for the mode request message 
(according to the data format as illustrated in FIG.10, 1/5 or 1/15 of the transmission period for the mode request 

40 message). Additionally, since the power control information TPC is transmitted without being coded, the power control 
information TPC disposed in the slots can be acquired immediately upon receiving the slots. Furthermore, since the 
power control information TPC is used to request transmission power adjustment for maintaining the receiving quality 
in DPCH channel in the mobile terminal 101 , the value indicates if the receiving quality in DSCH channel is improved 
or degraded as compared to the last receiving quality. Although DPCH channel and DSCH channel are different chan- 

45 nels, they are spectrum spread in the same frequency bandwidth and transmitted simultaneously. There is basically 
no problem in considering the change of the receiving quality in DPCH channel as the change of the receiving quality 
in DSCH channel. 

[0345] In view of this situation, the mode setting unit 141 executes the mode setting procedure for setting the mod- 
ulation coding mode for the interested frame based on the mode request message in addition to the accumulation 
50 value of the power control information TPC received in the time interval from the interested frame on which the mod- 
ulation coding mode is going to set to the past corresponding to the report delay time Td. 

[0346] In other words, illustrated in FIG.30 is a flowchart for describing the mode setting procedure executed by the 
mode setting unit 141. 

[0347] In first step S51 , the mode setting unit 141 controls the accumulation unit 84 to calculate the accumulation 
55 value of the power control information TPC received in the time from the interested frame to the past corresponding 
to the report delay time T D for the latest mode request message 

[0348] In this manner, the accumulation unit 84 calculates the accumulation value ASIR [dB] using the power control 
information TPC stored in the power control buffer 83 in accordance with the expression (3). 
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[0349] In addition, in step S52, the mode setting unit 141 judges whether the accumulation value ASIR is positive or 
not. 

[0350] It goes to step S53 if the accumulation value ASIR is determined not positive in step S52, i.e., if the quality 
of the transmission path between the mobile terminal 1 01 and the base station 1 31 is degraded from the time retroactive 

5 to the report delay time Td corresponding to the latest mode request message. In other words, the current receiving 
quality SIR DSCH ' in the mobile terminal 101 is degraded from the receiving quality at the time retroactive to the report 
delay time T D corresponding to the current mode request message (referred to as report receiving quality hereinafter), 
i.e., degraded from the receiving quality SIR DSCH as used for generating the latest mode request message in the mobile 
terminal 101. In step S53, the mode setting unit 141 judges whether or not the accumulation value ASIR is less than 

10 a predetermined negative threshold value -TH down (TH down >0), 

[0351] As for step S53, if the accumulation value ASIR is determined to be less than the- negative threshold value 
-TH down , i.e., the current receiving quality SIR DSCH ' in the mobile terminal 101 is largely degraded as compared to the 
report receiving quality SIR DSCH , it goes to step S54. In step S54, the mode setting unit 141 corrects the modulation 
coding mode indicated by the latest mode request message (referred to as request mode hereinafter) from # i to # i- 

15 1 . And the corrected modulation coding mode # i-1 sets as the final modulation coding mode for the interested frame 
before completing the procedure. 

[0352] In otherwords, if the current receiving quality SIR DSCH ' in the mobile terminal is largely degrades as compared 
to the report receiving quality SIR DSCHr transmission o the interested frame in the request mode # 1 may increase the 
number of resend due to increased error rate FER, thereby degrading the transmission efficiency. In order to avoid 
20 this problem, the mode setting unit 141 sets to the modulation coding mode # i-1 which is lower in data rate but higher 
in resistance to noise than the request mode # i. As a result, degradation in transmission efficiency due to increased 
error rate FER and resend number will be avoided. 

[0353] In addition, in step S53, if it is determined that the accumulation value ASIR is not less than a predetermined 
negative threshold value -TH down , i.e., the current receiving quality SIR DSCH ' in the mobile terminal 101 is degraded 
25 as compared to the report receiving quality SIR DSCH but the degradation is not significant, it goes to step S55 in which 
the mode setting unit 1 41 sets the request mode # i as the final modulation coding mode for the interested frame before 
completing the procedure. 

[0354] In otherwords, if the current receiving quality SIR DSCH ' in the mobile terminal 1 01 is not largely degraded as 
compared to the report receiving quality SI R DSCH , there is no large influence in terms of error rate even if the interested 
30 frame is transmitted in the request mode # i. So the mode setting unit 141 sets the request mode # i as the modulation 
coding mode for the interested frame. 

[0355] On the other hand, it goes to step S56 if the accumulation value A SIR is determined to be positive in step 
S52, i.e., quality of the transmission path between the mobile terminal 101 and the base station 131 is degraded from 
the time retroactive to the report delay time T D corresponding to the latest mode request message, thereby improving 
35 the current receiving quality SIR DSCH ' in the mobile terminal 101 as compared to the report receiving quality SIR DSCH . 
In step S56, the mode setting unit 1 41 makes judgment if the accumulation value ASIR is larger than a predetermined 
positive threshold value TH up (TH up >0). 

[0356] AsforstepS56, if the accumulation value ASIR is determined not larger than a predetermined positive thresh- 
old value TH upt i.e., the current receiving quality SIR DSCH ' in the mobile terminal 101 is improved as compared to the 
40 report receiving quality SIR DSCH but the improvement is not significant, it goes to step S55 in which the mode setting 
unit 141 sets the request mode # i as the final modulation coding mode for the interested frame and the procedure is 
completed. 

[0357] In otherwords, this means that if the current receiving quality SIR DSCH ' in the mobileterminal 1 01 is not largely 
improved as compared to the report receiving quality SIR DSCH , transmission of the interested frame in the request 
45 mode # i does not significantly affect the error rate and thus the mode setting unit 141 sets the request mode # i as 
the modulation coding mode for the interested frame without any change. 

[0358] In addition, if the accumulation value ASIR is determinedto be largerthan the predetermined positive threshold 
value TH up , i.e., the current receiving quality SlR DSCH ' is significantly improved as compared to the report receiving 
quality SIR DSCH in step S56, it goes to step S57. In step S57, the mode setting unit 141 corrects the request mode # 
so j to # i+1 and the corrected modulation coding mode # 1+1 is finally sets as the modulation coding mode for the interested 
frame and the procedure is completed. 

[0359] In otherwords, if the current receiving quality SIR DSCH ' in the mobile terminal 101 is significantly improved 
as compared to the report receiving quality SIR DSCH , data transmission of the interested frame in the modulation coding 
mode having a higher data rate but lower resistance to noise than the request mode # i may be able to suppress the 
55 error rate FER to a certain low rate. So the mode setting unit 141 sets to the modulation coding mode # i+1 having 
lower resistance to noise but higher data rate than the request mode # i, thereby improving the data rate and thus 
transmission efficiency while suppressing the error rate FER. 

[0360] It is to be noted that the mode setting procedure in FIG.30 is executed for each frame to be adaptively mod- 
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ulated and coded in the adaptive modulation and coding unit 14. 

[0361] In addition, since only 3 modulation coding modes # 0, # 1 and # 2 are available in the above embodiment, 
if the request mode is # 0 in FIG.30, the modulation coding mode in step S54 remains in the request mode # 0. Similarly, 
if the request mode is # 2, the modulation coding mode in step S57 remains in the request mode # 2. 
[0362] As described hereinabove, correction of the modulation coding mode (request mode) represented by the 
mode request message available at the frame rate is made in the mode setting unit 141 based on the power control 
information TPC that is available at the shorter slot rate for setting the final modulation coding mode. This ensures that 
the interested frame is adaptively modulated and coded in the manner better suited for the current receiving quality in 
the mobile terminal 1 01 , thereby preventing degradation in transmission efficiency or improving transmission efficiency. 
[0363] It has to be noted that, although only 3 modulation coding modes # 0, # 1 and # 2 are used in the above 
embodiment, it is possible to use 2 or more than 3 modulation coding modes. 

[0364] In addition, although the correction is made in the embodiment in FIG.30 to change the modulation coding 
mode by only 1 mode, it is possible to change the request mode by 2 modes or more. 

[0365] Here, although the mode request message is transmitted in the mobile terminal 1 01 at the frame rate in the 
above case, it is possible to transmit the mode request message, e.g., at an interval of predetermined number of frames 
similar to the receiving quality message in FIG.7. For example, if the resources in the upstream line from the mobile 
terminal 1 01 to the base station 1 02 are short, it is possible to decrease the transmission frequency of the mode req uest 
message from the mobile terminal 1 01 . 

[0366] Now, illustrated in FIG.31 is the way of transmitting the mode request message from mobile terminal 101 in 
the interval of 3 frames. 

[0367] In case of transmitting the mode request message at the interval of several frames, the report delay time 
varies depending on the interested frames. It is necessary to modify the accumulation interval of the power control 
information TPC taking this into consideration. 

[0368] In other words, as illustrated in FIG.31 , if the mode request message is transmitted, e.g., at every 3rd frame, 
the time when the next mode request message # 2 is received in the base station 131 after receiving a certain mode 
request message # 1 is after 3 frames. As a result, what is transmitted immediately after the timing of receiving the 
mode request message # 1 is a fourth frame as illustrated in FIG.31. And the timing to receive the mode request 
message # 2 is 3 frames later than the 4th frame, or immediately before transmitting the 7th frame. 
[0369] As apparent from the above, it is necessary to set the modulation coding mode for the mobile terminal 101 
using the mode request message # 1 for the time from the 4th frame and immediately before the 7th frame, or 3 frames 
up to the 6th frame. 

[0370] In this case, the report delay time T D1 for the 4th frame is equal to the report delay time T D . However, the 
report delay time T D2 for the 5th frame and the report delay time for the 6th frame T D3 are not equal to the report delay 
time T D . In other words, the report delay time T D2 for the 5th frame is equal to the report delay time T D plus 1 frame 
time. And the report delay time for the 6th frame is equal to the report delay time T D plus 2 frame times. 
[0371] As a result, in case of transmitting the mode request message at the interval of several frames, it is necessary 
to accumulate the power control information TPC in the accumulation unit 84 by varying the report delay time depending 
on interested frames. It is to be noted that the interested frames can be recognized by their packet frame numbers 
added to the frames. 

[0372] As described hereinabove, in case of changing the transmission frequency of the mode request message 
from the mobile terminal 1 01 depending on the resources in the upstream line, the frequency of occurrence of shortage 
of resources in the upstream line can be reduced, thereby suppressing interference to other users. Furthermore, even 
if the frequency of transmitting the mode request message may be reduce, degradation in transmission efficiency can 
be prevented because the modulation coding mode for the interested frames is determined by the modulation coding 
mode (request mode) represented by the mode request message from the mobile terminal 101 corrected based on 
the accumulation value of the power control information TPC received in the report delay time for each interested frame. 
[0373] It is to be noted that the transmission rate of the mode request message from the mobile terminal 1 01 can be 
variable rather than fixed.. 

[0374] In addition, in the case of the hand-off condition or soft hand-off condition when the mobile terminal 101 is 
communicating not only with the base station 102 but also other base stations, changes in the receiving quality in 
DSCH channel indicated by the power control information TPC cannot be considered as changes in the receiving 
quality in DSCH channel. So the transmission efficiency may be degraded if the request mode is corrected based on 
the power control information TPC. 

[0375] In view of that, if the mobile terminal 1 01 is under the soft hand-off condition, it is preferable to suppress the 
correction of the request mode based on the power control information, it is to be noted that suppression of the request 
mode based on the power control information may be easily realized by, e.g., not referring to the accumulation value 
of the power control information TPC by the accumulation unit in the mode setting unit 1 41 or increasing the absolute 
value of the threshold value -TH down and TH up in the embodiment in FIG.30. 
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[0376] It has to be noted that, since correction of the request mode may be inhibited in the base station 131 as 
described hereinabove under the soft hand-off condition, it is preferable that the mobile terminal 101 transmits the 
mode request message to the base station 1 31 as frequently (in shorter interval) as the resources permit in the mobile 
terminal 101. 

5 [0377] In other words, under the soft hand-off condition, since correction of the request mode by the power control 
information is made in the mode setting unit 141 in the base station 131, i.e., the correction of the modulation coding 
mode corresponding to the change in the receiving quality during the report delay time is suppressed, it is possible 
that the current receiving quality of the mobile terminal 101 is largely changed from the receiving quality of the mobile 
terminal 101 used for generation of the mode request message referenced in the mode setting unit 141 in the base 

10 station 131 . In addition, if adaptive modulation and coding is performed in such modulation coding mode may degrade 
the transmission efficiency. 

[0378] In view of that, in the case of suppressing the correction of the request mode based on the power control 
information, it is preferable that the mobile terminal 101 transmits the mode request message to the base station 131 
as frequently as possible, i.e., transmitting the mode request message in such a manner as to make the report delay 
15 time as shorter as possible and the base station 131 sets the modulation coding mode based on such mode request 
message. 

[0379] It is to be noted that setting of the modulation coding mode by the mode setting unit 141 is performed by 
taking the available resources into consideration as is the case in the mode setting unit 113 in FIG. 23. 
[0380] Now, descriptions on the hand-off will be given hereunder. 
20 [0381] Although only mobile terminals 1 and the base station 2 are shown in the communication system in FIG.1 (as 
well as the communication systems in FIG. 9, FIG.22 and FIG.27), there is a base station controlling station for managing 
and controlling the base station in an actual communication system. 

[0382] FIG. 32 illustrates an example of a communication system including such base station controlling station. 
[0383] Mobile terminal 301 has, e.g., the same construction as the mobile terminal 1 in FIG. 8 and communicates 
25 with base stations 302-1 , 302-2 and receives data transmitted therefrom through DSCH channel (packet channel) and 
DPCH channel (individual channel). 

[0384] It is to be noted that the mobile terminal 301 may have the same construction as the mobile terminal 61 In 
FIG.8 or the mobile terminal 1 01 in FIG.25 as well as the mobile terminal 1 in FIG.8. 

[0385] The base stations 302! and 302 2 may have the same construction as, e.g. the base station 2 in FIG. 3 and 
30 has a service area (cell) for providing services to the mobile terminals in the area with a predetermined strength of 

radio wave. In other words, the base stations can communicate with the mobile terminal 1 01 in their service areas. 

[0386] It is to be noted that the base stations 302! and 302 2 may have the same construction as the base station 2 

in FIG.3 or the base station 62, 102 or 131 as illustrated in FIG.1 4, FIG.24or FIG.28, respectively. 

[0387] It has to be noted that, in FIG.32 (as well as FlG.33-~FIG.38 which will be described hereinafter), the cells to 
35 which the base stations 302-, and 302 2 provide services are shown by dotted lines. 

[0388] The base station controlling station 303 communicates, e.g., over communication lines with the base stations 

302-,, 302 2 and other base stations (not shown), thereby controlling the base stations 302! , 302 2 and controls the 

mobile terminal 301 by way of the base stations 302! , 302 2 . 

[0389] In the embodiment as illustrated in FIG.32, the mobile terminal 301 is in the cell of only the base station 302!, 
40 thereby receiving communication services such as receiving data transmitted from the base station 302! through DSCH 
channel and DSCH channel. 

[0390] The base station controlling station 303 communicates with the base stations 302! and 302 2 t0 recognize the 
mobile terminals to which the base stations 302! and 302 2 provide services. As a result, the base station controlling 
station 303 in the embodiment in FIG.32 recognizes the mobile terminal 301 to which the base station 302! provides 

45 communication services. 

[0391] Later, the user of the mobile terminal 301 is assumed to move to the location where the cells of the base 
stations 302! and 302 2 overlap as illustrated in FIG.33. In this condition, the mobile terminal 301 can receive the radio 
waves not only from the base station 302! but also from the base station 302 2 with a level higher than a predetermined 
signal level. The mobile terminal 301 transmits a message including that the radio wave from the base station 302 2 is 

50 received together with the signal strength of the radio wave to the base station 302! from which the communication 
services are currently receiving. In this case, the base station 302! transfers the message from the mobile terminal 
301 to the base station controlling station 303. 

[0392] The base station controlling station 303 makes a judgment of the need for the hand-off, i.e., switching the 
communication services to the mobile terminal 301 (from the base station 302! t0 302 2 in this case ) based on the signal 
55 strength from the base station 302 2 to the mobile terminal 301 included in the message transferred to the base station 
302i. 

[0393] If the base station controlling station 303 made a judgment that the hand-off is not needed, i.e., the radio 
wave from the base station 302 2 is less than a predetermined signal strength in the mobile terminal 301 , the base 
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station controlling station 303 instructs to the base station 302 n to continue the communication services. 
[0394] On the other hand, if the base station controlling station 303 made a judgment of the need for the hand-off, 
e g the radio wave from the base station 302 2 at the mobile terminal 301 is larger than a predetermined threshold 
value the base station controlling station 303 instructs the base station 302 2 to be switched setting of various param- 
eters in DPCH channel as illustrated in FIG.34. Then, the base station 302 2 performs parameter setting in DPCH 
channel based on the instruction of the base station controlling station 303, thereby making the base station 302 2 
capable of providing the communication services to the mobile terminal 301 . 

[0395] TheDPCHchannelparametersinclude,e.g. 1 aframe(timing)tobeusedforprovidingcommunicationservices 
to the mobile terminal 301 and a spread factor in the spread spectrum. In this case, the base station controlling station 
303 controls the base station 302 2 in the same parameter setting as the hand-off source base station 302 1 . This is to 
achieve the soft hand-off in the mobile terminal 301 by combining DPCH channel from the base station 302 1 and DPCH 
channel from the base station 302 2 (RAKE receiving). 

[0396] Thereafter the base station controlling station 303 transmits to the mobile terminal 301 a message to instruct 
hand-off through the hand-off source base station 302 1 as illustrated in FIG.34. Upon receiving the message from the 
base station controlling station 303 through the base station 302 1( the mobile terminal 301 is under the soft hand-off 
condition. As for DPCH channel, both DPCH channel from the base station 302 n and DPCH channel from the base 
station 302 2 are received and combined for the RAKE receiving. 

[0397] Although DPCH channel is the subject of soft hand-off herein, it is possible to make DSCH channel as the 
subject of soft hand-off. 

[0398] It is to be noted that the base station controlling station 303 is also controlling the report frequency of the 
receiving quality message by the mobile terminal 301 (report interval) (the frequency of transmitting the receiving quality 
message from the mobile terminal 301 to the base station for providing the communication services to the mobile 
terminal 301). Such control is made onto the mobile terminal 301 from the base station controlling station 303 through 
the base station providing the communication services to the mobile terminal 301 . 

[0399] It is to be noted that the control of the report frequency of the receiving quality message is made, e.g., through 
DPCH channel However, it is possible that the control can be made through DSCH channel. 
[0400] If the mobile terminal 301 is not under the soft hand-off condition, i.e., the mobile terminal 301 is receiving 
communication services from only a single base station, the base station controlling station 303 controls the mobile 
terminal 301 in such a manner that the report interval of the receiving quality message is basically predetermined long 
interval i.e., the receiving quality message is transmitted in a rate of a predetermined number of frames. 
[0401] ' In this case, the mobile terminal 301 sends the receiving quality message to the base station providing the 
communication services to the mobile terminal 301 , e.g., at the interval of a predetermined number of frames as illus- 
trated in FIG.1 7. 

[0402] On the other hand, if the mobile terminal 301 is under the soft hand-off condition, i.e., both base stations 302, 
and 302 2 are providing communication services to the mobile terminal 301, the base station controlling station 303 
sets the report interval of the receiving quality message in the mobile terminal 301 through the base stations 302 1 and 

3022 as illustrated in FIG.35. lon < 
[0403] In other words, in this case, the base station controlling station 303 basically controls the mobile terminal 301 
so that the report frequency of the receiving quality message becomes high. In this manner, the mobile terminal 301 
transmits the receiving quality message to the both base stations 302! and 302 2 providing communication services to 
the mobile terminal 301 , e.g., at the frame rate as illustrated in FIG.15 rather than at the interval of several frames as 
illustrated in FIG.1 7. 

[0404] Assuming that the mobile terminal 301 is further moved after under the soft hand-off condition and the radio 
wave signal strength from the base station 302 2 increases while that from the base station 302! decreases, e.g., below 
a predetermined level at the mobile terminal 301 , the base station controlling station 303 instructs the setting of various 
parameters to the base station 302 2 as illustrated in FIG.36. According to the instructions of the base station controlling 
station 303, the base station 302 2 sets the DSCH channel parameters. 

[0405] Furthermore, the base station controlling station 303 instructs hand-off of DSCH channel to the mobile terminal 
301 through the hand-off source base station 302! and the base station 302 2 . In response to the instructions, the mobile 
terminal 301 switches (hand-off) the DSCH channel receiving from DSCH channel of the base station 302! to DSCH 
channel of the base station 302 2 . 

[0406] After that the mobile terminal 301 continues to move for further decreasing the radio wave signal strength 
from the base station 302! t0 the mobile terminal 301 . The base station controlling station 303 instructs the hand-off 
from the base station 302! t0 the base station 302 2 and also lnstructs t0 tne hand-off source base station 302 1 for 
releasing channel and other resources allocated to the mobile terminal 301. The base station 302i discontinues to 
provide communication services to the mobile terminal 301 , which is now in the condition to receive communication 
services from only the base station 302 2 . 

[0407] In this manner, if the mobile terminal 301 is out of the soft hand-off condition, the base station controlling 
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station 303 controls the mobile terminal 301 to extend the report period of the receiving quality message (or returns to 
the original rate) as illustrated in FIG.38. Then, the mobile terminal 301 transmits the receiving quality message to the 
base station 302 2 which provides communication services to the mobile terminal 301 , e.g., at the interval of predeter- 
mined number of frames as illustrated in FIG. 17 rather than at the frame rate as illustrated in FIG. 15. 
5 [0408] As a result, in case of the soft hand-off condition of the mobile terminal 301 , the receiving quality in the mobile 
terminal 301 can be estimated relatively accurately by using only receiving quality message transmitted at the frame 
rate or at high frequency even if receiving quality estimation using both the receiving quality message and the power 
control information cannot be performed, e.g., like the communication system in FIG.9. 

[0409] On the other hand, if the mobile terminal 301 is not underthe soft hand-off condition, the receiving quality in 
10 the mobile terminal 301 can be estimated by using only the receiving quality message transmitted at the interval of a 
predetermined number of frames or at a low frequency, i.e., by reducing the resources necessary to transmit the re- 
ceiving quality message. Additionally, in this case, like in the communication system in FIG.9, when the receiving quality 
is estimated using the receiving quality message and the power control information, the receiving quality in the mobile 
terminal 301 can be estimated accurately, it is to be noted that, in case of estimating the receiving quality using the 
15 receiving quality message and the power control information, the receiving quality can be estimated in similar or better 
accuracy as compared to the receiving quality estimation using only the receiving quality message even if the report 
frequency of the receiving quality message in the mobile terminal 301 is low. 

[041 0] Next, FIG.39 shows an example of construction of the base station controlling station 303 for setting the report 
frequency of the receiving quality message by the mobile terminal 301 like the one described hereinabove. 
20 [0411] Communication l/F 311 has a function as a communication interface for controlling communication with the 
base stations 302 1 and 302 2 , receiving data transmitted from the base stations 302 A and 302 2 for supplying such data 
to soft hand-off control unit 312, hand-off recognition unit 313 and base station information memory unit 314, and 
transmitting the data from the soft hand-off control unit 312 or report frequency control unit 315 to the base stations 
302 1 and 302 2 . 

25 [0412] When the soft hand-off control unit 312 receives a judgment result of the need of hand-off from the hand-off 
recognition unit 31 3 to the mobile terminal 301 , it makes the controls necessary for soft hand-off such as DPCH channel 
and DSCH channel parameter settings of the base stations 302 1 and 302 2 through the communication l/F 311 . 
[0413] The hand-off recognition unit 31 3 judges the need of the above described hand-off of the mobile terminal 301 
based on the message including the radio wave signal strength in the mobile terminal 301 transmitted from the mobile 

so terminal 301 by way of the base stations 302 1 and 302 2 and received by the communication l/F 311 . The judgment 
result is supplied to the soft hand-off control unit 312. And the hand-off recognition unit 313 recognizes if the mobile 
terminal 301 is under the soft hand-off condition based on the message of, e.g., the radio wave signal strength in the 
mobile terminal 301. The recognition result is supplied to the report frequency control unit 315. 
[0414] The base station information memory unit 314 stores the information on the mobile terminal to which com- 

35 munication services are provided by the base stations 302 1 and 302 2 as transmitted therefrom and received by the 
communication l/F 311 and the base station information on other base stations. It is to be noted that the base station 
information stored in the base station information memory unit 31 4 can be referenced by the soft hand-off control unit 
31 2, the hand-off recognition unit 313 and the report frequency control unit 315. The soft hand-off .control unit 312, the 
hand-off recognition unit 313 and the report frequency control unit 31 5 execute various procedures by referring to the 

40 information stored in the base station information memory unit 312 as necessity arises. 

[0415] The report frequency control unit 315 executes the report frequency control procedure for controlling the 
reporting frequency (report period) of the receiving quality message of the mobile terminal 301 based on whether or 
not the mobile terminal 301 is under the soft hand-off condition. 

[0416] In the base station controlling station 303 having the above construction, the base station information trans- 
45 mitted from the base stations 302 1 and 302 2 is received by the communication l/F 311 and supplied to the base station 
information memory unit 314. 

[0417] Also, in the communication l/F 311 , the radio wave signal strength in the mobile terminal 301 transmitted from 
the mobile terminal 301 through the base station 302 1 and 302 2 is received and supplied to the hand-off recognition 
unit 313. 

so [0418] The hand-off recognition unit 313 judges whether or not the hand-off is necessary based on the radio wave 
receiving strength in the mobile terminal 301 from the communication l/F 311 and, if judged that there is need for hand- 
off, the judgment result is supplied to the soft hand-off control unit 312. 

[0419] Upon receiving the judgment result of the need for hand-off of the mobile terminal 301 from the hand-off 
recognition unit 313, the soft hand-off control unit 312 makes the necessary controls for soft hand-off of the base 
55 stations 302! and 302 2 through the communication l/F 311 . 

[0420] Also, the hand-off recognition unit 31 3 judges whether or not the mobile terminal 301 is underthe soft hand- 
off condition and the judgment result is supplied to the report frequency control unit 315. 

[0421] Upon receiving from the hand-off recognition unit 31 3 the judgment result that the mobile terminal 301 is under 
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the soft hand-off condition, the report frequency control unit 314 sets the report frequency of the receiving quality 
message in the mobile terminal 301 to high frequency and such instruction information is transmitted to the mobile 
terminal 301 through either the base station 302 1 and 302 2 through the communication I/F311. In this case, the mobile 
terminal 301 is set to generate the receiving quality message in high frequency and such high frequency message is 
5 inserted into the transmission data. As a result, the mobile terminal 301 transmits the receiving quality message in 
higher frequency as compared to the case not under the soft hand-off condition. 

[0422] In addition, if the recognition result is received from the hand-off recognition unit 313 saying that the mobile 
terminal 301 is not under the soft hand-off condition, the report frequency control unit 31 4 sets the report frequency of 
the receiving quality message of the mobile terminal 301 to a low frequency and the instruction information is transmitted 
10 to the mobile terminal 301 through the communication l/F 311 and the base station 302 1 and 302 2 . In this case, the 
receiving quality message generation frequency in the mobile terminal 301 is set to low frequency and is inserted into 
the transmission data in such low frequency. As a result, the mobile terminal 301 transmits the receiving quality message 
in low frequency as compared to the case unde the soft hand-off condition. 

[0423] it has to be noted that, although the report frequency control procedure for controlling the report frequency 
*5 of the receiving quality message by the mobile terminal 301 is executed by the base station controlling station 303 in 
response to whether or not the mobile terminal 301 is under the soft hand-off condition, it is possible to execute such 
report frequency control procedure in response to, e.g., the condition of the resources of the base stations 302 1 and 
302 2 (e.g., number of codes, power, interference, hardware resources in the base stations, software resources and 
other communication resources). 
20 [0424] In other words, for example, in case of any vacancy in resources such as the number of mobile terminals to 
which communication services are provided by the base station (i.e., the number of mobile terminals in the cell of the 
base station) and small interference amount, the report frequency of the receiving quality message can be set to high 
frequency. On the other hand, if resources are saturated due to a large number of mobile terminals in the cell of the 
base station or large interference amount, or if it is desired to suppress interference amount, the report frequency of 
25 the receiving quality message can be set to low frequency. 

[0425] It is to be noted that interference amount can be transmitted to the base station controlling station 303 from 
each base station 302 1 and 302 2 , 302 3 , »• as illustrated in, e.g., FIG. 40 so that the base station controlling station 303 
can recognizes it. 

[0426] In addition, the number of mobile terminals in the cell of each of the base stations 302 1 and 302 2 , 302 3 , — as 
so can be recognized from, e.g., the number of channels in DPCH channel that the base station controlling station 303 
allocated to each base station. In this case, the number of mobile terminals (number of users) within the cell can be 
recognized by the base station controlling station 303 without being transmitted from each of the base stations 302 1 
and 302 2 , 302 3 , 

[0427] Next, reference is made to the flowchart in FIG, 41 for further description of the report frequency control 
35 procedure in the base station controlling station 303 in FIG. 39 for controlling the report frequency of the mobile terminal 
301 in response to both interference amount and the number of users in the cell. 

[0428] In this case, the report frequency control procedures in FIG. 41 A and FIG. 41 B are executed in parallel in the 
report frequency control unit 315 of the base station controlling station 303 (FIG. 39). 

[0429] In other words, the report frequency control unit 31 5 of the base station controlling unit 303 (FIG. 39) receives 
40 interference amount from the base station # i through the communication l/F 311 and the base station information 
memory unit 314. 

[0430] Here, although there are various definitions of interference amount, 3GPP Technical Specification 25.215, e. 
g., discloses base station transmission power, signal-to-interference ratio, signal-to-interference ratio error, etc. In this 
particular case, e.g., a signal-to-interference ratio error is used as interference amount. It is to be noted here that the 
45 signal-to-interference ratio error represents the difference between the receiving quality estimated in the base station 
and the receiving quality from which a predetermined FER set for guaranteeing the quality of services provided by the 
base station (referred to as a reference receiving quality hereinafter). Larger the value, poorer is the receiving quality 
estimated in the base station than the reference receiving quality. 

[0431] In the report frequency control procedure in F1G.41A, the report frequency control unit 315 calculates in step 
50 S1 01 the average value of the signal-to-interference ratio error AvgError[i] for the base station # i by dividing the sum 
of the signal-to-interference errors for all mobile terminals within the cell of the base station # i transmitted from the 
base station # i by the number of users in the cell of the base station # i. Then, the procedure advances to step S1 02. 
[0432] In step S1 02, the report frequency control unit 315 judges whether or not the average value of the signal-to- 
interference ratio errors AvgError[i] for the base station # i is greater (equal to or greater) than a predetermined threshold 
55 value Th_SIRJH. 

[0433] If the average value of the signal-to-interference ratio error for the base station # i AvgErrorp] is determined 
greater than the predetermined threshold value Th_SIR_H, i.e., the interference amount in the base station # i is large 
and it is difficult to maintain the quality of communication services in the base station # i without any countermeasure, 
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the procedure advances to step S103. The report frequency control unit 45 indicates by setting, e.g., 1 as a 1-bit 
interference flag sjlg indicating that the interference amount is large. Then, the procedure advances to step S1 04. 
[0434] In step S1 04, the report frequency control unit 31 5 sets the report frequency of the receiving quality message 
in the mobile terminals within the cell of the base station # i to a lower frequency than the current frequency and controls 
5 the communication l/F 31 1 to transmit such instruction information. The communication l/F 31 1 transmits such instruc- 
tion information to mobile terminals within the cell of the base station # i by way of the base station # i. This sets the 
report frequency of the receiving quality message from the mobile terminals to low frequency for suppressing the use 
of resources of the base station # i, and thus suppressing interference amount. 

[0435] Then, returning to step S101 for waiting for transmission of a new interference amount (i.e., signal-to-inter- 

10 ference ratio error), the same procedure as described hereinabove is repeated. 

[0436] On the other hand, if the average value of the signal-to-interference ratio error for the base station # i AvgError 
[i] is determined not greater than the predetermined threshold value Th_SIR_H in step S1 02, the procedure advances 
to step S1 05 in which the report frequency control unit 315 checks whether or not the interference flag s_flg is 1 . 
[0437] If determined in step S105 that the interference flag sjlg is not 1 , i.e., the interference flag sjlg is, e.g., 0 

15 indicating a low interference amount, it returns to step S101 and waits for transmission of a new interference amount 
for repeating the above procedure. 

[0438] As a result, in this case, the report frequency of the mobile terminals within the cell of the base station # i 
maintains the current condition. 

[0439] In addition, if the interference flag sjlg is determined to 1 in step S105, i.e., the interference flag s_flg was 
20 determined to 1 in step S1 03 and the interference flag sjlg continued to remain 1 , the procedure advances to step 
S1 06 The report frequency control unit 31 5 checks whether or not the average value of the signal-to-interference ratio 
error for the base station # i AvgError[i] is smaller (or equal to or less) than a low threshold value Th_SIR_L smaller 
than the threshold value Th_SIR_H in step S1 02. 

[0440] If it is determined in step S1 06 that the average value of signal-to-interference ratio error of the base station 
25 # i is less than the threshold value Th_SIR_L, i.e., the average value of signal-to-interference ratio error for the base 
station # I AvgError[i] is less than the threshold value Th_SIR_H in step S102 but not less than the threshold value 
Th_SIR_L, i.e., the interference amount in the base station # i is not very large but is quite large, the procedure returns 
to step S1 01 to wait for a new interference amount to be transmitted from the base station # i and the above procedure 

is repeated hereinafter. 

30 [0441] As a result, in this case, the report frequency of the receiving quality message by the mobile terminals within 
the cell of the base station # i is not changed from the current value. 

[0442] In addition, if the average value of signal-to-interference ratio errors of the base station # i AvgErrorfi] is 
determined less than the threshold value Th_SIRJ- in step S1 06, i.e., the interference amount in the base station # i 
is low, the procedure advances to step S107. The report frequency control unit 315 sets the interference flag sjlg to 
35 o indicating low interference amount and the procedure advances to step S108. 

[0443] In step S108, the report frequency control unit 315 checks whether a 1 bit user number flag njlg indicating 
the number of users (the number of terminals) within the cell of the base station # i is, e.g., 0 indicating relatively small 
number. 

[0444] It is to be noted that the user flag n Jig 1 indicates that the number of users is relatively large. Also, setting 
40 of the user number n Jig to 0 or 1 is made in accordance with the report frequency control procedure as described 
hereinafter and illustrated in the flowchart in FIG.41B. . 
[0445] If it is determined that the user number flag n Jig is not 0 in step S108, i.e., the user number flag n Jig is 1 
and the number of users within the cell of the base station # i is not small (i.e., the user number is large or not very 
large but fairly large), the procedure advances to step S101 and waits for transmission of new interference amount 
45 from the base station # i. The above procedure is repeated hereinafter. 

[0446] As a result, also in this case, the report frequency of the receiving quality message of the mobile terminals 
within the cell of the base station # i is not changed from the current setting in the case. 

[0447] In addition, if it is determined in step S1 08 that the user number flag njlg is 0, i.e., the number of users within 
the cell of the base station # i is small, the procedure advances to step S109. The report frequency control unit 315 

so sets the report frequency of the receiving quality message from the mobile terminals within the cell of the base station 
# i to higher frequency than the current frequency (e.g., if the report frequency was set to low frequency in the past 
step S104 or step S113 in FIG. 41B to be described hereinafter, such setting is returned to the initial frequency) and 
such instruction information is transmitted from the communication l/F 311 . The communication l/F 311 transmits the 
instruction information from the report frequency control unit 315 to the mobile terminals within the cell of the base 

55 station # i through such base station # i, thereby setting the report frequency of the receiving quality message of the 
mobile terminals to high frequency. 

[0448] The procedure then returns to step S101 and waits for transmission of new interference amount from the 
base station # i and the above procedure is repeated hereinafter. 
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[0449] Next, in the report frequency control procedure in FIG. 41 B, the report frequency control unit 315 checks in 
step S111 if the number of users within the cell of the base station # i Num_usrti] is larger (or equal to or larger) than 
a predetermined threshold value Th_N_H. 

[0450] In step S111 , if the number of users within the cell of the base station # i Num_usr[i] is determined to be larger 
5 than a predetermined threshold value ThJM JH, i.e., the number of users within the cell of the base station # i is large 
so that the resources of the base station # i may saturate and makes it difficult to maintain the quality of services, the 
procedure advances to step S1 12. The report frequency control unit 315 sets the user number flag njlgto 1 indicating 
that the number of users is large and the procedure advances to step S113, 

[0451] In step S113, the report frequency control unit 31 5 sets the report frequency of the receiving quality message 
10 of the mobile terminals within the cell of the base station # i to lower frequency than the current frequency as is the 
case in step S104 in FIG. 41 A. Such instruction information is transmitted from the communication l/F 311 . The com- 
munication I/F311 transmits the instruction information from the report frequency control unit 315 to mobile terminals 
within the cell of the base station # i through such base station # i. This sets the report frequency of the receiving quality 
message of the mobile terminals to low frequency, thereby suppressing the use of resources of the base station # i. 
15 [0452] In addition, the procedure returns to step S111 and the above procedure will be repeated hereinafter. 

[0453] On the other hand, if the number of users within the cell of the base station # i Num_usr[i] is determined not 
larger than a predetermined threshold value Th_N_H in step S111 , the procedure advances to step S114 in which the 
report frequency control unit 31 5 checks if the user number flag njlg is 1 . 

[0454] If the user number flag njlg is determined not 1 in step S114, i.e., the user number flag n_f!g is 0 indicating 
20 that the number of users within the cell is small, the procedure returns to step S111 to repeat the above procedure 
hereinafter. 

[0455] As a result, in this case, the report frequency of the receiving quality messages of the mobile terminals within 
the cell of the base station # i is not changed from the current frequency. 

[0456] In addition, if the user number flag n_flg is determined 1 in step S114, i.e., the user number flag njlg was 
25 set to 1 in the past step S114 and the user number flag njlg remained 1 thereafter, the procedure advances to step 

S1 1 5. The report frequency control unit 31 5 checks if the user number within the cell of the base station # i is less than 

the threshold value Thjsl JH in step S111 smaller (or equal to and smaller) than the low threshold value Th_N_L. 

[0457] If the user number within the cell of the base station # i Num_usr[i] is determined less than the threshold value 

Th_N_L in step S1 1 5, or the user number within the cell of the base station # i Num_usr[i] is less than the threshold 
30 value Th_N_H in step S1 1 1 but not less than the threshold value Th_SIR_L, i.e., the number of users within the cell of 

the base station # i is not very large but fairly large, the procedure returns to step S111 . The above procedure will be 

repeated hereinafter. 

[0458] As a result, even in this case, the report frequency of the receiving quality message of the mobile terminals 
within the cell of the base station # i is not changed from the current frequency. 
35 [0459] In addition, if the user number Num_usr[i] within the cell of the base station # i is determined less than the 
threshold value Th_N_L in step S1 1 5, i.e., the user number within the cell of the base station # i is small, the procedure 
advances to step S116. The report frequency control unit 315 sets the user number flag njlg to 0 indicating that the 
user number is small. Then, the procedure advances to step S117. 

[0460] In step S117, the report frequency control unit 315 checks if the interference flag sjlg indicating relative 
40 magnitude of the interference amount in the base station # i is 0 indicating that the interference amount is small. 

[0461] If the interference flag sjlg is determined not 0 in step S117, i.e., the interference flag sjlg is 1 and the 
interference amount in the base station # i is not small (i.e., the interference amount is large or not very large but is 
moderately large), the procedure returns to step S111 . The above procedure will be repeated hereinafter. 
[0462] As a result, even in this case, the report frequency of the receiving quality message by the mobile terminals 
45 within the cell of the base station # i is not changed from the current frequency in this case. 

[0463] In addition, if the interference amount sjlg is determined 0 in step S1 1 7, i.e., the interference amount in the 
base station # i is small, the procedure advances to step S118. In this step S118, the report frequency control unit 315 
sets the report frequency of the receiving quality message by the mobile terminals within the cell of the base station # 
i to higher frequency than the current rate as is the case in step S109 in FIG. 41 A. Such instruction information is 
so transmitted to the communication l/F 311 . The communication l/F 311 transmits the instruction information to mobile 
terminals within the cell of the base station # i through such base station # i, thereby setting the report frequency of 
the receiving quality message of the mobile terminals to high frequency. 

[0464] Then, the procedure returns to step S111 and the above procedure will be repeated thereafter. 
[0465] According to the report frequency control procedure in FIG. 41, the report frequency is sets to low frequency 
55 if the interference amount becomes high or if the number of users in the cell increases. And the report frequency of 
the receiving quality message will remain unchanged from the current rate until the interference amount becomes low 
or the number of users within the cell reduces sufficiently. However, when the interference amount reduces sufficiently 
and the number of users within the cell decreases sufficiently, the report frequency of the receiving quality message 
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becomes high frequency (returns to the initial rate). 

[0466] In addition, although the above described report frequency control procedure can be executed at, e.g., frame 
rate or at the interval of several frames. 

[0467] Moreover, although the report frequency of the receiving quality message is controlled in the above case, a 

5 similar control may be made on the report frequency of the mode request message. 

[0468] Furthermore, although the report frequency of the receiving quality message will be decreased sequentially 
if the average value of the interference amount AvgError[i] is less than the threshold value Th_SIR_H and if the user 
number within the cell Num_usr[i] is greater than the threshold value Th_N_H in the above embodiment, such switching 
of the report frequency can be 2 steps, i.e., a first step and a second step which is lower frequency than the first 

10 frequency. This can be achieved by setting the report frequency in steps S104 and S113 in the embodiment in FIG. 
41 to the second frequency and setting the report frequency to the first frequency in the steps S1 09 and S11 8. 
[0469] Next, FIG. 42 illustrates the construction of another example of the base station 131 in FIG. 27. it is to be 
noted in FIG. 42 that the units corresponding to those in FIG. 28 use the same reference numerals and their descriptions 
will be omitted hereinafter. In other words, the base station 131 in FIG. 42 has basically the same construction as that 

15 in FIG . 28 except the new provision of threshold control portion 151. 

[0470] Supplied to the threshold control unit 151 is a resend request message from the resend request message 
extraction unit 1 1 1 . The threshold control unit 1 51 controls (corrects) the threshold values -Th down and TH up to be used 
in the mode setting procedure in the mode setting unit 141 in FIG. 30 based on the resend request message supplied 
from the resend request message extraction unit 111. 

20 [0471] !n other words, in the base station 131 in FIG. 28, identical threshold values -TH down and TH up are used for 
all mobile terminals in the mode setting procedure executed by the mode setting unit in FIG. 30. 
[0472] Although efficient data transmission is possible using identical threshold values -Th^n and TH up for all mobile 
terminals if they have the same receiving characteristic, it is not common that all mobile terminals have the same 
receiving characteristic. Accordingly, for achieving efficient data transmission by all mobile terminals having different 

25 receiving characteristic, it is necessary to execute the mode setting procedure in FIG. 30 using threshold values TH down 
and TH up corresponding to the receiving characteristic of individual mobile terminal. 

[0473] For this end, in the base station 1 31 in FIG. 42, the threshold values -Th down and TH up to be use in the mode 
setting procedure in the threshold control unit 151 FIG. 30 are controlled to values corresponding to the receiving 
characteristic of the mobile terminals 131 . 
30 [0474] In other words, FIG. 43 is a flowchart illustrating the threshold control procedure in the threshold control unit 

151. 

[0475] This threshold control procedure is executed at every time when a frame is supplied to the resend request 
message extraction unit 111 from the demodulation unit 19. 

[0476] in other words, in the threshold control procedure, the threshold control unit 151 checks in first step S61 if 
35 the resend request message is received from the resend request message extraction unit 111 . 

[0477] If it is determined to have received the resend request message in step S61 , the threshold control unit 151 
sequentially advances to steps S62 and S63. In order to make modulation coding mode of high data rate is hard to be 
set, the threshold value TH up is corrected to a large value. In order to make the modulation coding mode of high 
resistance to noise easy to set, the threshold value TH down is corrected to a smaller value. 
40 [0478] In other words, the fact that the resend request message is received by the base station 131 indicates that 
the data transmitted to the mobile terminal 1 01 from the base station 131 was insufficient in resistance to noise char- 
acteristic. It is therefore preferable to correct the threshold values TH up and TH^n so that a high data rate modulation 
coding mode, i.e., a low resistance to noise modulation coding mode is hard to be set and a high resistance to noise 
modulation coding mode is easy to be set. 
45 [0479] So, in step S62, the threshold control unit 151 calculates a correction amount (referred to as threshold cor- 
rection amount hereinafter) ATH of the threshold values TH up and TH down in accordance with, e.g., the following ex- 
pression: 

ATH = (1-a)xD (8) 
50 x 

[0480] It is to be noted that a is a value corresponding to a targeted error rate FER and 0 < a < 1 . In addition, D is 
a reference value for correcting the threshold value TH up and TH down . 

[0481] In step S562, when the threshold correction value ATH is calculated, the procedure advances to step S63. 
55 The threshold control unit 1 51 corrects the thereshold values TH up and TH down in response to the threshold correction 
amount ATH in accordance with, e.g., the following expression and completes the procedure. 
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TH up =TH up + ATH 



Th down = Th down ^ATH (9) 



[0482] On the other hand, if it is determined that no resend request message is received, the threshold control unit 
151 advances sequentially to steps S64 and S65. The threshold TH up is corrected to a smaller value so that a high 
data rate modulation coding mode is hard to be set and a threshold value TH down is corrected to a larger value so that 
a higher resistance to noise modulation coding mode is easily to be set. 

[0483] In other words, if the base station 131 does not receive the resend request message means that the data 
transmitted from the base station 131 to the mobile terminal 101 has sufficient resistance to noise and it is possible to 
transmit the data at even higher data rate. It is preferable to correct the threshold values TH up and TH down so that the 
modulation coding mode to higher resistance to noise, i.e. , a lower data rate is hard to be set and the modulation coding 
mode of higher data rate is easily to be set. Accordingly, in step S64, the threshold control unit 315 calculate the 
correction amount (threshold correction amount) ATH of the threshold values TH up and TH down in accordance with the 
following expression: 

ATH = a x D (10) 

[0484] If the threshold correction amount ATH is calculated in step S64, the threshold control unit 151 advances to 
step S65 and corrects the threshold values TH up and TH down in accordance with the following expression and completes 
the procedure. 

TH up = TH up -ATH 

Th down = TH down 4-ATH (11) 

[0485] It is to be noted that the threshold correction procedure in FIG. 43 is executed for each mobile terminal. In 
the mode setting procedure in FIG.43 for each mobile terminal, the threshold values TH up and TH down as calculated 
in the threshold control procedure are used for each of the mobile terminals. 

[0486] Next, FIG. 44 is a flowchart of another embodiment of the threshold control processing in the threshold control 
unit 151. 

[0487] In the embodiment in FIG. 44, it is checked in first step S71 if the resend request message is received like 
step S61 in FIG. 43. 

[0488] If it is determined that the resend request message is received in step S71 , the threshold control unit 151 
advances to step S72 and increments 1 as a variable 'count' for counting the number of continuous resend request 
messages. Then, the procedure advances to step S73. 

[0489] In step S73, the threshold control unit 1 51 checks if the variable 'count' is greater than M. I the variable 'count' 
is determined greater than M in step S73, the procedure advances sequentially to steps S74 and S75. Similar proce- 
dures are followed in these steps as steps S62 and S63 in FIG. 43, respectively. And the procedure is completed. 
[0490] On the other hand, if it is determined that no resend request message is received in step S71 , the threshold 
control unit 151 advances to step S76 and the variable 'count' is reset to 0. And the procedure advances sequentially 
to steps S77 and S78 for executing respectively similar procedures to steps S64 and S65 in FIG.43 before completing 
the procedure. 

[0491] As a result, in the embodiment in FIG.44, if no resend request message is received by the base station 131 
from the mobile terminals, correction of the threshold values TH up and TH down is made in the similar manner to the 
case in FIG.43. 

[0492] On the other hand, if the resend request message is received by the base station 131 from the mobile terminals 
131 , correction of the threshold values TH up and TH down is made in the similar manner to the case in FIG. 43 only if 
the resend request message is received continuously for more than M times. 

[0493] In other words, in the embodiment in FIG. 44, correction of the threshold values TH up and TH down in such a 
manner as to set to the modulation coding mode of higher resistance to noise is made only if the resend request 
messages are transmitted in M consecutive frames. 
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[0494] It is to be noted, however, that correction of the threshold values TH up and TH down can be made to have a 
desired receiving quality based on, e.g., the receiving frequency of the resend request messages, error rate FER or 
residual error rate by calculating the error rate FER in the mobile terminal 1 01 or the residual error rate after resending. 
[0495] The series of procedures as described hereinabove can be performed by means of hardware or software. In 
the case of performing the series of procedures by means of software, programs for embodying such software may 
be installed in a general-purpose computer or the like. 

[0496] Illustrated in FIG. 45 is the construction of acomputerin which the programs for executing the above described 
procedures may be installed. 

[0497] The programs may be stored in advance in a hard disk 205 or ROM 203 installed in the computer as recording 
medium. 

[0498] Alternatively, such programs may be temporarily or permanently stored (saved) in removable recording me- 
dium 211 such as a flexible disk, a CD-ROM (Compact Disc Read Only Memory), an MD (Magneto Optical) disk, a 
semiconductor memory, etc. Such removable recording medium 211 can be provided as so-called package software. 
[0499] It is to be noted that such programs may be transferred to the computer from a download site in wireless 
manner by way of a communication satellite for digital broadcasting satellite, or through a wire by way of a network 
such as LAN (Local Area Network), the Internet, etc. In the computer, the programs transferred in the above manner 
are received at communication unit 208 and installed into built-in hard disk 205. 

[0500] The computer includes a built-in CPU (Central Processing Unit) to which instructions are entered in input unit 
207 connected to input/output interface 210 through a keyboard, a mouse, a microphone or the like under operation 
by a user. The programs stored in ROM (Read Only Memory) 203 are executed on receiving such instructions. Alter- 
natively, the CPU 202 can executes by loading into RAM (Random Access Memory) 204 programs stored in the hard 
disk 205, installed in the hard disk 205 by receiving in communication unit 208 transferred from a satellite or a network, 
or installed in the hard disk 205 by reading out of removable recording medium 211 loaded onto drive 209. In this 
manner, the CPU 202 executes the procedures in the above flowcharts or the process in the block diagrams as de- 
scribed hereinabove. And the CPU 202 outputs the results of such procedures through the input/output interface 210 
onto output unit 206 comprising an LCD (Liquid Crystal Display), a speaker or the like, transmitted from the commu- 
nication unit 208 or may be recorded in the hard disk 205. 

[0501] It is to be noted that the processing steps describing the programs for instructing the computer to execute 
various processing in this specification is not necessarily follow the time sequence as illustrated in the flowchart. Parallel 
or individual processing (e.g., parallel processing or object processing) may be included. 

[0502] In addition, programs may be executed by a single computer or by a plurality of computers in a distributed 
processing manner. It is also possible to execute the programs by transferring such programs to a remote computer. 
[0503] It has to be noted that, although the present invention has been described about a system for wireless com- 
munication by the W-CDMA system in the above embodiments, the present invention can be applied to any commu- 
nication system other than the W-CDMA. The present invention is applicable to not only a wireless communication but 
also a wire communication. The present invention is not restricted to mobile terminals. 

[0504] When DSCH channel (FIG. 10 (B)) is not allocated to a mobile terminal, i.e., no communication is made be- 
tween the mobile terminal and the base station, it is possible to set a low transmission frequency of the receiving quality 
message or the mode request message from the mobile terminal to the base station. On the contrary, when DSCH 
channel is allocated to a mobile terminal, i.e., the communication is established between the mobile terminal and the 
base station, it is possible to set a high transmission frequency of the receiving quality message or the mode request 
message from the mobile terminal to the base station. 



Industrial Applicability 

[0505] According to the first information processing apparatus, the first information processing method, the first pro- 
gram and the first recording medium of the present invention, the current receiving quality of a communication apparatus 
is estimated based on both the receiving quality message transmitted from the communication apparatus at a first 
interval and the power control information transmitted at a second interval shorter than the first interval. As a result, 
the current receiving quality of the communication apparatus can be estimated accurately. 

[0506] According to the first communication apparatus, the first communication method, the second program and 
the second recording medium of the present invention, a receiving quality thereof may be calculated based on the 
received signal from an information processing apparatus for generation of the receiving quality message indicating 
the receiving quality thereof and the power control information is also generated for requesting transmission power 
adjustment of the information processing apparatus based on the signal received from the information processing 
apparatus. Then, the receiving quality message is inserted into the transmission signal to the information processing 
apparatus to be transmitted at a first interval and the power control information is inserted into the transmission signal 
at a second interval shorter than the first interval. As a result, the current receiving quality of the communication ap- 
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paratus can be estimated accurately in the information processing apparatus based on the receiving quality message 
and the power control information. 

[0507] According to the first communication system and the second communication method of the present invention, 
a receiving quality thereof can be calculated in a communication apparatus based on the signal received from an 
information processing apparatus for generating the receiving quality message indicating its receiving quality and a 
power control information for requesting transmission power adjustment of the information processing apparatus is 
generated based on the signal received from the information processing apparatus. And the receiving quality message 
is inserted into the transmission signal to the information processing apparatus to be transmitted at a first interval and 
the power control information is inserted into the transmission signal at a second interval shorter than the first interval. 
On the other hand, in the information processing apparatus, the current receiving quality of the communication appa- 
ratus is estimated based on both the receiving quality message and the power control information. As a result, the 
current receiving quality of the communication apparatus can be estimated accurately. 

[0508] According to the second information processing apparatus, the second information processing method, the 
third program and the third recording medium of the present invention, acquired are a mode request message trans- 
mitted from a communication apparatus at a first interval and a power control information for requesting transmission 
power adjustment transmitted from the communication apparatus at a second interval shorter than the first interval. 
And a transmission mode to the communication apparatus is set based on both the mode request message and the 
power control information. As a result, efficient communication in the transmission mode best suited for the current 
receiving quality in the communication apparatus can be made. 

[0509] According to the second communication apparatus, the third communication method, the fourth program and 
the fourth recording medium of the present invention, a receiving quality thereof can be calculated based on the signal 
received from an information processing apparatus for generating a mode request message indicating the requesting 
transmission mode based on the receiving quality and also generating a power control information requesting a trans- 
mission power adjustment of the information processing apparatus based on the signal received from the information 
processing apparatus. And the mode request message is inserted into the transmission signal to the information 
processing apparatus so as to be transmitted at a first interval and the power control information is inserted into the 
transmission signal at a second interval shorterthan the first interval. As a result, efficient communication can be made 
in the transmission mode best suited for the current receiving quality of the communication apparatus. 
[0510] According to the second communication system and the fourth communication method of the present inven- 
tion, a receiving quality thereof can be calculated in a communication apparatus based on the signal received from an 
information processing apparatus for generating a mode request message indicating the requesting transmission mode 
based on the receiving quality and a power control information for requesting the transmission power adjustment of 
the information processing apparatus is generated based on the signal received from the information processing ap- 
paratus. And the mode request message is inserted into the transmission signal to the information processing apparatus 
at a first interval and the power control information is inserted into the transmission signal in a second interval shorter 
than the first interval. On the other hand, acquired in the information processing apparatus are the mode request 
message transmitted from the communication apparatus at the first interval and the power control information trans- 
mitted from the communication apparatus at the second interval. And the transmission mode for the communication 
apparatus is set based on both the mode request message and the power control information. As a result, efficient 
communication can be made in the transmission mode best suite for the current receiving quality of the communication 
apparatus. 

[0511] According to the third information processing apparatus of the present invention, a receiving quality message 
indicating the receiving quality calculated in a communication apparatus and transmitted therefrom at an interval of a 
predetermined number of frames is acquired and the current receiving quality of the communication apparatus is es- 
timated based on the receiving quality message. As a result, the receiving quality can be estimated without using large 
resources for acquisition of the receiving quality message. 

[0512] According to the third communication apparatus of the present invention, a receiving quality thereof can be 
calculated at an interval of a predetermined number of frames based on the signal received from the an information 
processing apparatus for generating the receiving quality message indicating the receiving quality. And the receiving 
quality message is inserted into the transmission signal to the information processing apparatus at an interval of a 
predetermined number of frames. As a result, the receiving quality message can be transmitted without using large 
resources. 

[0513] According to the fourth information processing apparatus of the present invention; under the soft hand-off 
condition of a communication apparatus, a receiving quality message to be transmitted at an interval of a predetermined 
frames and indicating the receiving quality calculated in the communication apparatus is acquired and the current 
receiving quality o the communication apparatus is estimated based only on the receiving quality message. As a result, 
under the soft hand-off condition, the receiving quality message at every frame can be estimated. 
[0514] According to the fourth communication apparatus of the present invention, under the soft hand-off condition, 
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a receiving quality thereof can be calculated at an interval of predetermined frames for generating the receiving quality 
message indicating the receiving quality. And the receiving quality is inserted into the transmission signal to an infor- 
mation processing apparatus at every predetermined frames. As a result, underthe soft hand-off condition, the receiving 
quality message can be transmitted at the frame rate. 

[051 5] According to the first receiving quality message report controlling method of the present invention, recognized 
is if a communication apparatus is under the soft hand-off condition, and the report interval of the receiving quality 
message in the communication apparatus is set depending on whether or not the communication apparatus is under 
the soft hand-off condition. As a result, it is possible to change the receiving quality message reporting interval de- 
pending on the soft hand-off condition. 

[0516] According to the fifth information processing apparatus of the present invention, acquired is the receiving 
quality message indicating the receiving quality transmitted from a communication apparatus at a predetermined fre- 
quency and calculated in the communication apparatus, and the current receiving quality of the communication appa- 
ratus is estimated based on the receiving quality message. In this case, if the communication apparatus is underthe 
soft hand-off condition, the receiving quality message is acquired more frequently than under other conditions. As a 
result, the receiving quality can be estimated based on the receiving quality message transmitted at a predetermined 
frequency under other conditions, or based on the receiving quality message transmitted at higher frequency under 
the soft hand-off condition. 

[0517] According to the fifth communication apparatus of the present invention, a receiving quality thereof is calcu- 
lated at a predetermined frequency based on the signal received from an information processing apparatus for gen- 
erating the receiving quality message indicating the receiving quality. And the receiving quality message is inserted 
into the transmission signal to the information processing apparatus. In this case, under the soft hand-off condition of 
the communication apparatus, the receiving quality message is generated more frequently than under other conditions. 
As a result, the receiving quality message can be transmitted at a predetermined frequency under other conditions 
while transmitting at higher frequency under the soft hand-off condition. 

[0518] According to the second receiving quality message report controlling method of the present invention, the 
communication resource condition for communication between communication apparatuses is recognized for setting 
the interval of reporting the receiving quality message in the communication apparatus in response to the communi- 
cation resource condition. As a result, the reporting frequency of the receiving quality message can be varied depending 
on the communication resource condition. 

[0519] According to the sixth information processing apparatus of the present invention, acquired is the receiving 
quality message indicating the receiving quality transmitted from a communication apparatus at a predetermined in- 
terval and calculated in the communication apparatus and estimated is the current receiving quality of the communi- 
cation apparatus based on the receiving quality message. In this case, the interval of the receiving quality message 
transmitted from the communication apparatus is determined in response to the communication, resource condition. 
As a result, the receiving quality can be estimated based on the receiving quality message that is variable in the report 
frequency depending on the communication resource condition. 

[0520] According to the sixth communication apparatus of the present invention, a receiving quality thereof is calcu- 
lated at a predetermined frequency based on the signal received from an information processing apparatus for gen- 
erating the receiving quality message indicating the receiving quality. And the receiving quality message is inserted 
into the transmission signal to the information processing apparatus at a predetermined frequency. In this case, the 
receiving quality message is generated based on the interval determined in response to the communication resource 
condition. As a result, it is possible to make the transmission frequency of the receiving quality message variable in 
response to the communication resource condition. 



Claims 

1. An information processing apparatus for calculating receiving quality of a communication apparatus, comprising: 

receiving quality message acquisition means for acquiring a receiving quality message indicating the receiving 
quality transmitted from the communication apparatus at a first interval and calculated in the communication 
apparatus; 

power control information acquisition means for acquiring a power control information requesting transmission 
power adjustment transmitted from the communication apparatus at a second interval shorter than the first 
interval; and 

receiving quality estimation means for estimating a current receiving quality of the communication apparatus 
based on both the receiving quality message and power control information. 
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2. An information processing apparatus as described in claim 1 , wherein the receiving quality message acquisition 
means acquires the receiving quality message transmitted from the communication apparatus at a predetermined 
frame rate. 

3. An information processing apparatus as described in claim 1 , wherein the receiving quality message acquisition 
means acquires the receiving quality message transmitted from the communication apparatus at an interval of a 
predetermined number of frames. 

4. An information processing apparatus as described in claim 1 , wherein the receiving quality estimation means 
estimates the current receiving quality of the communication apparatus based on the receiving quality message 
and the power control information acquired in a predetermined interval. 

5. An information processing apparatus as described in claim 4, further comprising accumulation means for accu- 
mulating the power control information acquired in a predetermined interval and the receiving quality estimation 
means calculating the estimated current receiving quality of the communication apparatus based on the accumu- 
lation value acquired by the accumulation means and the receiving quality message. 

6. An information processing apparatus as described in claim 4, wherein the receiving quality estimation means 
calculates the estimation value of the current receiving quality of the communication apparatus while varying the 
predetermined interval. 

7. An information processing apparatus as described in claim 1 , wherein the receiving quality estimation means 
calculates a finally estimated value of the current receiving quality of the communication apparatus using a plurality 
of receiving quality estimation values obtained from a plurality of receiving quality messages. 

8. An information processing apparatus as described in claim 7, wherein the receiving quality estimation means 
calculates the finally estimated value of the current receiving quality of the communication apparatus by summing 
with weighting of a plurality of receiving quality estimation values obtained from a plurality of receiving quality 
messages. 

9. An information processing apparatus as described in claim 1 , wherein the receiving quality estimation means 
estimates the current receiving quality of the communication apparatus by setting a weighting of 0 or less for the 
power control information if the communication apparatus can communicate with another information processing 
apparatus. 

1 0. An information processing apparatus as described in claim 1 , further comprising data rate control means for con- 
trolling the data rate of the communication between the communication apparatuses based on the estimation value 
of the current receiving quality of the communication apparatus. 

11. An information processing apparatus as described in claim 10, wherein the data rate controlling means controls 
the data rate by changing a data coding method or a modulation method. 

12. An information processing method for calculating receiving quality of a communication apparatus, comprising: 

a receiving quality message acquisition step for acquiring a receiving quality message indicating the receiving 
quality calculated in the communication apparatus and transmitted from the communication apparatus at a 
first interval; 

a power control information acquisition step for acquiring power control information requesting transmission 
power adjustment transmitted from the communication apparatus at a second interval shorter than the first 
interval; and 

a receiving quality estimation step for estimating a current receiving quality of the communication apparatus 
based on both the receiving quality message and power control information. 

13. A program for instructing a computer to execute information processing of calculating receiving quality of a com- 
munication apparatus, the program comprising: 

a receiving quality message receiving acquisition step for acquiring a receiving quality message transmitted 
from the communication apparatus at a first interval and indicating the receiving quality calculated in the com- 
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munication apparatus; 

a power control information acquisition step for acquiring power control information requesting transmission 
power adjustment transmitted from the communication apparatus from at a second interval shorter than the 
first interval; and 

5 a receiving quality estimation step for estimating a current receiving quality of the communication apparatus 

based on both the receiving quality message and power control information. 

14. A recording medium for recording a program for instructing a computer to execute Information processing to cal- 
culate receiving quality of a communication apparatus, the recording medium having recorded therein a program 
10 comprising: 

a receiving quality message acquisition step for acquiring a receiving quality message indicating the receiving 
quality of the communication apparatus transmitted from the communication apparatus at a first interval; 
a power control Information acquisition system for acquiring the powercontrol information requesting the trans- 
15 mission power adjustment transmitted from the communication apparatus at a second interval shorter than 

the first interval; and 

a receiving quality estimation step for estimating the current receiving quality of the communication apparatus 
based on both the receiving quality message and power control information. 

20 15. A communication apparatus for performing communication with an information processing apparatus calculating 
a current receiving quality of a communicating partner, comprising: 

receiving quality message generation means for generating a receiving quality message indicating a receiving 
quality thereof calculated based on a signal received from the information processing apparatus; 
25 power control information generation means for generating a power control information requesting the trans- 

mission power adjustment of the information processing apparatus based on the signal received from the 
information processing apparatus; 

receiving quality message insertion means for inserting the receiving quality message into the transmission 
signal to the information processing apparatus so as to transmit the receiving quality message at a first interval; 
30 and 

power control information insertion means for inserting the power control information into the transmission 
signal so as to transmit the power control information at a second interval shorter than the first interval. 

16. A communication apparatus as described in claim 15, wherein the receiving quality message insertion means 
35 inserts the receiving quality message into the transmission signal at a predetermined frame rate. 

17. A communication apparatus as described in claim 15, wherein the receiving quality message insertion means 
inserts the receiving quality message into the transmission signal so that the receiving quality message is inserted 
by skipping a predetermined number of frames. 

40 

18. A communication apparatus as described in claim 15, wherein the receiving quality message insertion means 
inserts the receiving quality message into the transmission signal by changing the first interval for transmitting the 
receiving quality message based on the resources to communicate with the information processing apparatus. 

45 1 9. A communication method for performing communication between information processing apparatuses calculating 
a current receiving quality of a communication partner, the communication method comprising: 

a receiving quality message generation step for generating a receiving quality message indicating the receiving 
quality based on the signal received from the information processing apparatus; 
so a power control information generation step for generating a power control information for requesting trans- 

mission of power of the information processing apparatus based on a signal received from the information 
processing apparatus; 

a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal forthe information processing apparatusso as to transmit the receiving quality message at a first interval; 
55 and 

a power control information insertion step for inserting the power control information into the transmission 
signal so as to transmit the power control information at a second interval shorter than the first interval. 
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20. A program for instructing a computer to perform communication between information processing apparatuses 
calculating current receiving quality of a communication partner, the program comprising: 

a receiving quality message generation step for generating a receiving quality message indicating the receiving 
quality by calculating a receiving quality thereof based on a signal received from the information processing 
apparatus; 

a power control information generation step for generating a power control information for requesting trans- 
mission power adjustment of the information processing apparatus based on the signal received from the 
information processing apparatus; 

a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal to the information processing apparatus so that the receiving quality message is transmitted at a first 
interval; and 

a power control information insertion step for inserting the power control information into the transmission 
signal so as to transmit the power control information at a second interval shorter than the first interval. 

21 . A recording medium for recording a program to instruct a computer to execute a communication processing be- 
tween information processing apparatuses calculating a current receiving quality of the communication partner, 
the program comprising: 

a receiving quality message generation step for generating a receiving quality by calculating a receiving quality 
thereof based on a signal received from the information processing apparatus; 

a power control information generation step for generating a power control information for requesting trans- 
mission power adjustment of the information processing apparatus based on the signal received from the 
information processing apparatus; 

a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal to the information processing apparatus so as to transmit the receiving quality message at a first interval; 
and 

a power control information insertion step for inserting the power control information into the transmission 
signal so as to transmit the power control information at a second interval shorter than the first interval. 

22. A communication system comprising an information processing apparatus for obtaining a current receiving quality 
of a communication partner and one or more communication apparatus for performing communication with the 
information processing apparatus, the communication apparatus comprising: 

receiving quality message generation means for generating a receiving quality message indicating the receiv- 
ing quality calculated based on the signal received from the information processing apparatus; 
power control information generation means for generating a power control information for requesting trans- 
mission power adjustment of the information processing apparatus based on a signal received from the infor- 
mation processing apparatus; 

receiving quality message insertion means for inserting the receiving quality message into the transmission 
signal to the information processing apparatus so that the receiving quality message is transmitted at a first 
interval; and 

power control information insertion means for inserting the power control information into the transmission 
signal so that the power control information is transmitted at a second interval shorter than the first interval; 
and the information processing apparatus comprising: 

receiving quality message acquisition means for acquiring the receiving quality message transmitted from 
the communication apparatus at the first interval; 

power control information acquisition means for acquiring the power control information transmitted from 
the communication apparatus at the second interval; and 

receiving quality estimation means for estimating the current receiving quality of the communication ap- 
paratus based on both the receiving quality message and power control information. 

23. A communication method for a communication system comprising an information processing apparatus for obtain- 
ing a current receiving quality of a communication partner and one or more communication apparatus for commu- 
nicating with the information processing apparatus, comprising: 

in the communication apparatus, 
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a receiving quality message generation step for generating a receiving quality message indicating the 
receiving quality calculated based on a signal received from the information processing apparatus; 
a power control information generating step for generating a power control information fro requesting 
transmission power adjustment of the information processing apparatus based on the signal received from 
the information processing apparatus; 

a receiving quality message insertion step for inserting the receiving quality message into the transmission 
signal so that the receiving quality message is transmitted at a first step; and 

a power control information insertion step for inserting the power control information into the transmission 
signal so that the power control signal is transmitted at a second interval shorter than the first interval; 

and, in the information processing apparatus, 

a receiving quality message acquisition step for acquiring the receiving quality message transmitted from 
the communication apparatus at the first interval; 

a power control information acquisition step for acquiring the power control information transmitted from 
the communication apparatus at the second interval; and 

a receiving quality estimation step for estimating the current receiving quality of the communication ap- 
paratus based on both the receiving quality message and power control information. 

24. An information processing apparatus for setting a transmission mode based on a mode request message for re- 
questing the setting of the transmission mode of data transmission from a communication apparatus, the informa- 
tion processing apparatus comprising: 

mode request message acquisition means for acquiring the mode request message to be transmitted from 
the communication apparatus at a first interval; 

power control information acquisition means for acquiring a power control information for requesting transmis- 
sion power adjustment to be transmitted from the communication apparatus at a second interval shorter than 
the first interval; and 

transmission mode setting means for setting the transmission mode to the communication apparatus based 
on both the mode request message and power control information. 

25. An information processing apparatus as described in claim 24, wherein the mode request message acquisition 
means acquires the mode request message to be transmitted from the communication apparatus at a predeter- 
mined frame rate. 

26. An information processing apparatus as described in claim 24, wherein the mode request message acquisition 
means acquires the mode request message to be transmitted from the communication apparatus by skipping a 
predetermined number of frames. 

27. An information processing apparatus as described in claim 24, wherein the transmission mode setting means sets 
the transmission mode to the communication apparatus based on the mode request message and the power 
control information acquired in a predetermined interval. 

28. An information processing apparatus as described in claim 27, further comprising accumulation means for accu- 
mulating the power control information acquired in a predetermined interval, and the transmission mode setting 
means setting the transmission mode to the communication apparatus based on an accumulation value obtained 
by the accumulation means and the mode request message. 

29. An information processing apparatus as described in claim 27, wherein the transmission mode setting means sets 
the transmission mode to the communication apparatus by varying the predetermined time interval corresponding 
to a delay time from a transmission of the mode request message by the communication apparatus until the trans- 
mission mode is set based on the mode request message. 

30. An information processing apparatus as described in claim 24, wherein the transmission mode setting means 
makes correction of the transmission mode requested by the mode request message based on the power control 
information and sets the final transmission mode. 

31. An information processing apparatus as described in claim 30, wherein the transmission mode setting means 
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restrains the transmission mode correction based on the power control information in the case when the commu- 
nication apparatus can also communicate with another information processing apparatus. 

32. An information processing apparatus as described in claim 24, wherein the communication apparatus transmitts 
a resend request message of the data if there is error in the received data, and the transmission mode setting 
means sets the transmission mode to the communication apparatus based also on the resend request message. 

33. An information processing apparatus as described in claim 32, wherein the transmission mode setting means 
further comprises threshold value correction means for comparing the adjustment value of the transmission power 
requested by the power control information with apredeterminedthresholdvalue.correctingthe transmission mode 
requested by the mode request message for setting a final transmission mode and correcting the predetermined 
threshold value based on the resend request message. 

34. An information processing apparatus as described in claim 33, wherein the threshold correction means corrects 
the predetermined threshold value based on the resend request message so as to provide a predetermined re- 
ceiving quality for the communication apparatus. 

35. An information processing apparatus as described in claim 24, further comprising data rate control means for 
controlling the data rate in communication between the communication apparatuses based on the transmission 
mode set by the transmission mode setting means. 

36. An information processing apparatus as described in claim 35, wherein the data rate control means controls the 
data rate by changing a data coding method or modulation method. 

37. An information processing method for setting a transmission mode based on a mode request message for request- 
ing transmission mode setting of data to be transmitted from a communication apparatus, comprising: 

a mode request message acquisition step for acquiring the mode requesting message transmitted from the 
communication apparatus at a first interval; 

a power control information acquisition step for acquiring a power control information requesting transmission 
power adjustment to be transmitted from the communication apparatus at a second interval shorter than the 
first interval; and 

a transmission mode setting step for setting the transmission mode to the communication apparatus based 
on both the mode request message and power control information. 

38. A program for instructing a computer to execute an information processing for setting a transmission mode based 
on a mode requesting message for requesting the transmission mode setting of data to be transmitted from a 
communication apparatus, comprising: 

a mode request message acquisition step for acquiring a mode request message to be transmitted from the 
communication apparatus at a first interval; 

a power control information acquisition step for acquiring a power control information for requesting transmis- 
sion power adjustment to be transmitted from the communication apparatus at a second interval shorter than 
the first interval; and 

a transmission mode setting step for setting the transmission mode to the communication apparatus based 
on both the mode request message and power control information. 

39. A recording medium for recording a program to instruct a computer to execute an information processing to set a 
transmission mode based on a mode request message for requesting transmission mode setting of data to be 
transmitted from a communication apparatus, the program comprising: 

a mode request message acquisition step for acquiring the mode request message to be transmitted from the 
communication apparatus at a first interval; 

a power control information acquisition step for acquiring a power control information requesting transmission 
power adjustment to be transmitted from the communication apparatus at a second interval shorter than the 
first interval; and 

a transmission mode setting step for setting the transmission mode to the communication apparatus based 
on both the mode request message and power control information. 
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40. A communication apparatus for performing communication between an information processing apparatus for trans- 
mitting the data by setting the transmission mode for transmitting data to a communication partner, comprising: 

mode request message generation means for generating a mode request message indicating the transmission 
mode based on a receiving quality thereof by calculating the receiving quality based on the signal transmitted 
from the information processing apparatus; 

power control information generation means for generating a power control information requesting transmis- 
sion power adjustment of the information processing apparatus based on the signal received from the infor- 
mation processing apparatus; 

mode request message insertion means for inserting the mode request message into the transmission signal 
to the information processing apparatus so that the mode request message is transmitted at a first interval; and 
power control information insertion means for inserting the power control information into the transmission 
signal in a manner that the power control information is transmitted at a second interval shorter than the first 
interval. 

41 . A communication apparatus as described in claim 40, wherein the mode request message insertion means inserts 
the mode request message into the transmission signal so that the mode request message is transmitted at a 
predetermined frame. 

42. A communication apparatus as described in claim 40, wherein the mode request message inserting means is 
inserted into the transmission signal so that the mode request message is transmitted by skipping a predetermined 
number of frames. 

43. A communication apparatus as described in claim 40, wherein the mode request message insertion means inserts 
the mode request message into the transmission signal by changing the first interval of transmitting the mode 
request message based on the resources for communicating with the information processing apparatus. 

44. A communication apparatus as described in claim 40, wherein the mode request message insertion means chang- 
' es the first interval depending on whether or not the communication is made with the information processing ap- 
paratus. 

45. A communication apparatus as described in claim 44, wherein the mode request message insertion means makes 
the first interval shorter when the communication with the information processing apparatus is performed than 
when the first interval when the communication between the information processing apparatuses is not performed. 

46. A communication apparatus as described in claim 40, further comprising error detection means for detecting an 
error in the data included in the receiving signal and resend request message insertion means for inserting the 
resend request message to request resending the data into the transmission signal when there is an error in the 
data. 

47. A communication method for communicating with an information processing apparatus for transmitting data by 
setting the transmission mode to a communication partner, comprising: 

a mode request message generation step for generating a mode request message indicating the transmission 
mode requesting based on a receiving quality by obtaining a receiving quality thereof based on the signal 
received from the information processing apparatus; 

a power control information generation step for generating a power control information requesting transmission 
power adjustment of the information processing apparatus based on the signal received from the information 
processing apparatus; 

a mode request message insertion step for inserting the mode request message into the transmission signal 
to the information processing apparatus so that the mode request message is transmitted at a first interval; and 
a power control information insertion step for inserting the power control information into the transmission 
signal so that the power control information is transmitted at a second interval shorter than the first interval. 

48. A program for instructing a computer to execute communication processing for communicating with an information 
' processing apparatus to transmit data by setting a transmission mode for transmitting the data to a communication 

partner, comprising: 
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a mode request message generation step for generating a mode request message indicating the transmission 
mode based on a receiving quality thereof based on a signal received from the information processing appa- 
ratus; 

a power control information generation step for generating a power control information for requesting trans- 
mission power adjustment based on the signal received from the information processing apparatus; 
a mode request message insertion step for inserting the mode request message into the transmission signal 
to the information processing apparatus so that the mode request message is transmitted at a first interval; and 
a power control information insertion step for inserting the power control information into the transmission 
signal so that the power control information is transmitted at a second interval shorter than the first interval. 

49. A recording medium for recording a program for instructing a computer to execute a communication processing 
for communicating with the information processing apparatus to transmit data by setting a transmission mode to 
transmit the data to a communication partner, the recording medium including the program, the program compris- 
ing: 

a mode request message generation step for generating a mode request message indicating the transmission 
mode requesting a receiving quality thereof obtained based on the signal received from the information 
processing apparatus; 

a power control information generation step for generating power control information for generating a power 
control information requesting transmission power adjustment of the information processing apparatus based 
on a signal received from the information processing apparatus; 

a mode request message insertion step for inserting the mode request message into the transmission signal 
to the information processing apparatus so that the mode request message is transmitted at a first interval; and 
a power control information insertion step for inserting the power control information into the transmission 
signal so that the power control information is transmitted at a second interval shorter than the first interval. 

50. A communication system including an information processing apparatus for transmitting data on a transmission 
mode set for transmitting the data to a communication partner, and one or more communication apparatus for 
communicating with the information processing apparatus, the communication system comprising: 

the communication apparatus including: 

mode request message generation means for generating a mode request message indicating the request- 
ing transmission mode based on receiving quality calculated based on a signal received from the infor- 
mation processing apparatus; 

power control information generation means for generating a power control information for requesting 
transmission power adjustment of the information processing apparatus based on the signal received from 
the information processing apparatus; 

mode request message insertion means for inserting the mode request message into the transmission 
signal to the information processing apparatus so that the mode request message is transmitted at a first 
interval; and 

power control information insertion means for inserting the power control information into the transmission 
signal so that the power control information is transmitted at a second interval shorter than thefirst interval; 

and the information processing apparatus including: 

mode request message acquisition means for acquiring the mode request message transmitted from the 
communication apparatus at the first interval; 

power control information acquiring means for acquiring the power control information transmitted from 
the communication apparatus at the second interval; and 

transmission mode setting means for setting the transmission mode of the communication apparatus 
based on both the mode request message and power control information. 

51. A communication method for a communication system including an information processing apparatus for trans- 
mitting data on a transmission mode set for transmitting the data to a communication partner, and one or more 
communication apparatus for communicating with the information processing apparatus, the communication meth- 
od comprising: 
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in the communication apparatus, 

a mode request message generation step for generating a mode request message indicating the requested 
transmission mode based on the receiving quality obtained based on the signal received form the infor- 
mation processing apparatus; 

a power control information generation step for generating a power control information requesting trans- 
mission power adjustment of the information processing apparatus based on the signal received from the 
information processing apparatus; 

a mode request message insertion step for inserting the mode request message into the transmission 
signal to the information processing apparatus so that the mode request message is transmitted at a first 
interval; and 

a power control information insertion step for inserting the power control information into the transmission 
signal so that the power control information is transmitted at asecond interval shorter than thefirst interval; 

and in the information processing apparatus, 

a mode request message acquisition step for acquiring a mode request message transmitted from the 
communication apparatus at the first interval; 

a power control information acquisition step for acquiring the power control information transmitted from 
the communication apparatus at the second interval; and 

a transmission mode setting step for setting the transmission mode to the communication apparatus based 
on both the mode request message and power control information. 

52. An information processing apparatus for obtaining a receiving quality of a communication apparatus, comprising: 

receiving quality message acquisition means for acquiring the receiving quality obtained in the communication 
apparatus and transmitted from the communication apparatus by skipping a predetermined number of frames; 
and 

receiving quality estimation means for estimating a current receiving quality of the communication apparatus 
based on the receiving quality message. 

53. A communication apparatus for communicating with an information processing apparatus for obtaining a current 
receiving quality of a communication partner, comprising: 

receiving quality message generation means for generating the receiving quality message indicating the re- 
ceiving quality by calculating the receiving quality by skipping a predetermined number of frames based on a 
signal received from the information processing apparatus; and 

receiving quality message insertion means for inserting the receiving quality message into the transmission 
signal to the information processing apparatus by skipping a predetermined number of frames. 

54. An information processing apparatus for obtaining a receiving quality of a communication apparatus, comprising: 

receiving quality message acquisition means for acquiring a receiving quality message indicating a receiving 
quality obtained in the communication apparatus and transmitted at a predetermined frame interval under a 
soft hand-off condition of the communication apparatus; and 

receiving quality estimation means for estimating a current receiving quality of the communication apparatus 
based only on the receiving quality message. 

55. A communication apparatus for performing communication with an information processing apparatus for obtaining 
a current receiving quality of a communication partner, comprising: 

receiving quality message generation means for generating a receiving quality message indicating a receiving 
quality thereof obtained at each predetermined frame in case of a soft hand-off condition; and 
receiving quality message insertion means for inserting the receiving quality message into a transmission 
signal to the information processing apparatus at each predetermined frame. 

56. A receiving quality message report control method for controlling the receiving quality message report in a com- 
munication apparatus, comprising: 
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a first step of recognizing whether or not the communication apparatus is under a soft hand-off condition; and 
a second step for setting an interval of the report of the receiving quality message for the communication 
apparatus depending on whether or not the communication apparatus is under the soft hand-off condition. 

57. A receiving quality message report control method as described in claim 56, wherein the second step sets a re- 
' porting cycle time for the receiving quality message in the communication apparatus more frequently under the 

soft hand-off condition than under other conditions. 

58. A receiving quality message report control method as described in claim 57, wherein the second step sets a cycle 
time for the report of the receiving quality message so that the communication apparatus reports the receiving 
quality message at each frame rate under the soft hand-off condition of the communication apparatus while re- 
porting the receiving quality message by skipping a predetermined number of frames under the other conditions. 

59. An information processing apparatus for obtaining the receiving quality of a communication apparatus, comprising: 

receiving quality message acquisition means for acquiring the receiving quality message indicating the receiv- 
ing quality obtained by the communication apparatus and transmitted from the communication apparatus at 
a predetermined frequency; and 

receiving quality estimation means for estimating the current receiving quality of the communication apparatus 
based on the receiving quality message; 

wherein the receiving quality message acquisition means acquires the receiving quality message more fre- 
quently under the soft hand-off condition than under other conditions. 

60. A communication apparatus for performing communication with an information processing apparatus for obtaining 
a current receiving quality of a communication partner, comprising: 

receiving quality message generation means for generating a receiving quality indicating a receiving quality 
thereof obtained at a predetermined frequency based on a signal received from the information processing 
apparatus; and 

receiving quality message insertion means for inserting the receiving quality message into the transmission 
signal to the information processing apparatus; 

wherein the receiving quality message generation means generates the receiving quality message more 
frequently under the soft hand-off condition than under other conditions. 

61 . A communication apparatus as described in claim 60, wherein the receiving quality message is generated at each 
frame rate under the soft hand-off condition. 

62. A receiving quality message report control method for controlling a receiving quality message report in a commu- 
nication apparatus, comprising: 

a first step for recognizing a condition of communication resources for performing communication with the 
communication apparatus; and 

asecond step for setting a report frequency of the receiving quality of the communication apparatus in response 
to the condition of the communication resources. 

63. A receiving quality message report control method as described in claim 62, wherein an interference amount is 
used as a parameter for indicating the condition of the communication resources. 

64. A receiving quality message report control method as described in claim 62, wherein a number of communication 
' apparatuses in a predetermined cell is used as a parameterfor indicating the condition of communication resources. 

65. A receiving quality message report control method as described in claim 62, wherein the second step sets the 
receiving quality message report to a higher frequency if there is a vacancy in the communication resources while 
setting the receiving quality message report to a lower frequency if the communication resources are in saturation. 

66. An information processing apparatus for obtaining a receiving quality of a communication apparatus, comprising: 
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receiving quality message acquisition means for acquiring a receiving quality message indicating the receiving 
quality obtained in the communication apparatus and transmitted from the communication apparatus at a 
predetermined frequency; and 

receiving quality estimation means for estimating a current receiving quality in the communication apparatus 
based on the receiving quality message; 

wherein the interval of the receiving quality message transmitted from the communication apparatus is de- 
termined in response to a condition of communication resources. 

67. A communication apparatus for communicating with an information processing apparatus for obtaining the current 
receiving quality of the communication partner, comprising: 

receiving quality message generation means for generating a receiving quality message indicating a receiving 
quality thereof obtained at a predetermined frequency based on a signal received from the information process- 
ing apparatus; and 

receiving quality message insertion means for inserting the receiving quality message into a transmission 
signal to the information processing apparatus at the predetermined frequency; 

wherein the receiving quality message generated by the receiving quality message generation means is 
generated based on the period determined in response to a condition of communication resources. 
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